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(1)    0rt'-7aid,    zeitsciiX.    r.   pn.   en.    o. 


HISTOBICAL  EEVIE¥. 

Tlie  problem   of  determining  whether  uouble   salts    exist  as 
such,  in  solution,    or  are   forced  only  in  the  process   of   crystalli- 
zation,  ]aas  attracted  nany  invest igat D;f 5.  .        The   subject  Ms  been 
approached  fraa  a  number  of  different    standT'oints,   and  a   short 
survey  of  tiie  methods    employed  and  tjie  results   reached  will  not 
be   out    of  place. 

"i/Tliat    is  meant  by  the  teir/i  double  salt    ?        In  tJie   v/ork. 
which  is   here  described  tlie   salts    employed  were  those   in  7rfiich 
different  metals  were  at   t:ie  same   time  united  with  a   common 
acid  radicle.        There   is,   howe^^er,    no  intention  of   limitin^^  the 
tenn  to  tli£i,t  meaning. 

Cstwald  CI)  distinguishes   between  wliat  he  ter-^is    "complex 
salts"   and   "double   salts."        The   former  are  those  molecular  com- 
plexes  of  single   salts    which  are  capable   of  existence   in  '.vater   so- 
lution without    decanposing  into  t2ieir  constituents.       These 
dissociate   into  a   cation  consisting   of   the  more  positive  metal, 
and  an  anion  coi^sisting   of  the  acid  complex.        For  example,   potas- 
siiun   ferrocyanide   is   dissociated  in  •.'jater  solution,  into      K  ^  ^  i^.^^ 

And      feiCU)^. 


(1)    0rt;7ald,    Zeitsciir.    f.   ph.   6h.    3,    599, 


"Double   salts"    are   s^ipposed  to  break  ciovm.  in-nediately 
into  tlaeir  constituents,   and  are    fomed  only   on  the   instant   o£ 
crystallizing   from  solution. 

A  sliarp  line  oT  distinction  canjtiot,  liov/e^^er,  be  drav/n 
between  t^iese  classes.  IT  we  take  as  an  exariple  of  a  "caiplex 
salt"   th.e  double  cyanide   of  potassiujn  and  nickel^ 

K2  Ni    (   C  ^[} .  ,  we  notice   t.he  absence   of  the  green  color  c.liaraoter- 
istic   of  solution  of  nickel    3G,lts.        Furtliei^ore,    certain  reactions 
characteristic   of  the  nickel    ion  do  not   take  place  with  this   salt. 
On  the  other  hand,    the   double   sulphate   of  potassiujn  and  copper, 
K^SO^,  Cu  SC^.  6  Ho  0,   2^as  a  blue   color  and  gives   the  cl^aracteris- 
tic   reaction  of   the   copper  ion.-       This   belongs   to  the  class   of 
"double   salts."        Biit    suppose  the  green  color  were  present  in  the 
first    case,     that    fact   alone  would   not  tell  u?;    that    no     salt   of 
complex    .-id  existed  in  solution,    and,    to  continue  along  the  sa,:oie 
1  ijie   of  reasoning,   the   fact   of   the  blue   color  in  the  second  case 
does   not   tell  us   that  all   the  copper   is  present  as   tlie   sirnple 
copper  ion  or  in  the  simple   Cu  SO^  molecule.        There  -^re,   therefore^ 
all   gradations   between  "complex"   and  ''double   salts."        There   is 
good  reason  for  believing  tliat   in  many   instances   of  double  salts, 
altl'iough  t]iere   is   a   large  proportion  decomposed  into  the  constit- 
uents,  which  then  dissociate   in  their  usual  way,    there  is    still 


a   portion  existing   in  solution  as   double   salt,;. 

Dif  JXision   inve >s t i nat i ons . Gralxan^^  ,    in  liis   noted 

studies    on  diffusion  plienoriena,    lid  not   linit  liinself  to   simple 
salts,   but   took  also  a   fev/  double    salts.        He   -worked  on  acid 
potassium  sulp>La,te,    tlie  dou/ole  sulplii^-te    of  potassiu-'i  and  magne- 
si\Ei,   and  potassium  alum.        His   results   seemed  to  indicate  to  liim 
that   tJie  acid  sulphate   is  decomposed   i/ijsolutiori  into  potassium 
suliiaate   and  sulpiiuric   acid   ;    and  in  the  case   of  t.i.e  alum  also 
tiie  molecules   are  broken  dovm--'t.^e  sulphuric  acid,    in  tlie   one 
case,   and  the  sulphate   of  potass iuiTi,    in  t-he   other,   beinr  present 
in  the  diffusate   in  larger  proportion  tZxan  they  are  present    in  the 
double   salt. 

His    experiments  with  the  double   sulpha.te   of  potassium 
and  magnesium  were  not  all.Of;ether  conclusive.        He   diffused  the 
double   salt   and  simultaneously  in  other  ceils   the   single  constit- 
uents.       The  amount    of  the   double   salt   diffused  was  greater  tlian 
the   sum  of  the  amounts    of   single   salts    diffiised.        Hence  he  pre- 
sumed that   the  mixed  salts  were  not   combined,   and  t}iat    tie   double 
sulphate   of  ma,gnesium  and  potasoium   is  not   necessarily   formed  im- 
m.ediately  upon  dissolving  together  its    constituent    salts.        Simi- 
lar res-alts    iirere   obtained  with  the   double  sulphate   of  copper  and 


(1)    Graham,  phil.  Trans.  l35o,  1. 
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potassium^ and  its   constituents.        These   double   salts   appear  to 
dissolve   in  water  without   deccmposition,   altJiough  the   single 
salts  may  co'ie    in  contact   in  solution  without    combini'ig.        Hence 
in  t^ro  solutions    of  the   sa:^ie   concentration  there  may  be  possible 
more   tlian  one   st.ate  of  equilibrium.        This   view  is    -articiilarly 
interesting   in  coruriection  with  sorie  results   recorded  in  this  in- 
vestigation,  as   -will   be  seen  later. 

Grahajn's   e.-^rneri  meats    on  double  salts  were  not    siifficient 
ly  nu'nerous    to   justify  any  general    conclusion  being   drawn  from 
them,    so  thf^  work  was   taken  up  and  in  part   repeated  by  Marignac^i ). 

Matignac  studied  the   diffiasion  of  salt  mixtures   suc.'i 
as   Ba  Cl^    and  :Na   CI,   Na     30^   and  Na   CI,    X  CI   and  Ba   Cl^,   and 
double  salts    such  as  ligSO^.   K     SO^   6  H^O,  Mg  SO^  .   .  .  jVe.  SO^  6H.^0,     et( 
His    work  was   very  extensive   and  painstaking,    taking    into  consid- 
eration the   influence  of   time,    temperature,    concentration,   rela- 
tive proportion,    etc.,    on  the  amount    of  substance   in  the  diffusate. 
From  tl-.e  comparison  of  tlie  simultaneous   diff^asion  of  tv/o  salts 
whicli  are   capable    of   forming  a   double   salt,   and  of  t]"i.ose   ?£iich  are 
not,   his   results    led  to  the  conclusion  tliat   soltitions   of  do^j^ule 
salts  and  salt  mixtures  hel^ave   in  e:<3-ctly  tJie   same    '."ay  wiih  regard 
to  diffasion  —  "wlience  thee^e  results   the  confirmation  of  the   opin- 


Marignac..     Ann.  fihim.  Phys .    (5).    2,    546    (1374) 


ion,  already  establis.hed  by  tlaeirmal  investigations,  that  double 
salts  are  fomed  only  at  t]ie  rnoment  of  crystallization  of  tlieir 
solutions ." 

Tliis   conclusion  liad  been  reached  previously  as    a  rosuUt   of 
t:'ie   investigations    of  V'.inkier  Jal  .•    who  Ixad    .orked  on  ti^e   ^i  .'fu- 

sion  of  alun  and  certain  other  sulphates. 

IngenhoeS/gx    readied  the  sarie   conclusion  throufjh  the 
same  kind  of  work.        The  salts   etnployed  by  2iin  were  barium  aceta- 
nitrate,    calcium  aceto-craloride,    bariura  fomio -nit rate. 

The  v/-ork   of  Rttdorff  ^^    followed  this..      He  was    led  to  a 
different    opinion  and  concluded  after  a  very  extensive    study  of 
double  sulph3,tes,    chloride:;,    cyanides,   and   oxalates   tjia.t,   althoUj^i 
a   dilute   solution  of  a   double  salt    diffuses    in  t'le  saie  n.a?iner  ac 
if  it    consisted  of  the   separate  constituents,    still   in  concentrat- 
ed solution  a   slight   difference  was   to  be  noted.        Double   salts, 
therefore,    do  exist   in  solution  in  an  undeoonnosed  condition. 
The  constituents  unite  to  fom  the  double  salt,   not  at    the  moment 
of  crystallization,    but   shortly  before. 

Oytwald^"'^    while  not    disputin[-  results    of  Rftdorff's 
work,    questioned,  the  ^ralidity  of  liis   conclusions   and  suggested  to 

^^^    Van  der  'Jal,,    liiaii£^ral  Diss.    Leyden,    (1869).. 

(2)  Ingenhoes,   Ber,    12,    1678,    (1879). 

(3)  aCidorff,   Ber.    21,    ^    ;    21,    1382   ;    21,    3044   ;    23,    1346. 

(4)  Ortv^ld,    Zeitschn,    f.   ^h.    Ch.    3,    60.    (1339). 


Trevor^    '    to  undertake   soie  experrnental   work   on  the   subject   of. 
solutions    Ox    double   silts    in    -iHteT,        His  netliod   of  ^TOik  was  to 
place    in  contact    mtli   water  an  excels   of  a  mixture   of  single 
salts,   and,   by  means    of  a  pipette  :provided  wit?!  a   filtering  ar- 
rangeinent,    to  witlidraw  tlie    liqiiid  at   stated  times    for  analysis  as 
to  tne  amount   of  dissolTOd  substance. 

Tlie  autlior  critict^se^Biidorf f 's    conclusions  tliat   in  con- 
centrated solution  tlie  double   salt   exists  ixndecomposed.  His 
general    conclusion  is   tliat   double   salts,    (as   defined  by  Ogtwald) 
exist   only  in  tlie  solid  state  and  not  at   all   in  solution.        Tliese 
conclusions   do  not   apply,    obviously,   to  conplex  salts. 

Still    later  E.    Fiscl^er  and  !Sc."hmidner'^''    in  tlieir  'yirork 
on  diffusion  tlirougli   rolls   of   filter  pa,per  sttidied  also  double 
salts,    sucli  as    ferrous   ammoniiin  sulphate,    etc.,    and  salt  mixtures, 
as  potassium  and  barium  chlorides..       They  reached  t.he   conclusion 
that   in  dilute  solution  tiie   double  salts   are  broken  down  and  exist 
only  as   their  constilnaents,    but    on  the   other  hand,    in    sat\irat«d 
solution  the  amount   of  deccnposition  is    30  s^all   that   it   cannot  be 
recognized.        This    last    obser\^tion  confirms   the  conclusion   of 
Bfldorff  triAt    iia  thoroii^ily  saturated  solution  apparently  no  dis- 
soci at  1*3831  takes   place. 


Theomal    Investigations  , In  his   Essai   de  rifeclianique 

c]iirnic[ueU )  ,   Berthelot   rei'iarks   that   in  the   for^iation  of  diiferent 
double  salts   very  diri'ero.it   arioimts   or  heat   are  given  off    :        "In 
so^ie  cases  a   very  consider -'.ble  aiount   is    "evolved,    in  otJicrs   a 
snail  a-Tiount — still,   however,   aprtroachinf  that    'evolved  in  the 
formation  of  a  salt    of  a  weak  acid."        i.o   cull   fron  one   of  his 
tables    :- 

Heat    evolved  in   forr'vation  of  bisulpi"^,te   of  sodiiim  8.1. 

"  "  "  "  "  "  "  poUassiuii  ?.5 

"  "  "  "  "        biacetate      "    3  0di^m  0.1. 

"  "  "        .     "  "    double   stilphate   of  K  &  Mg  1.65 

II  II  .1  .1  11  11  11  K  &  In  2.1 

»  •<  "  "  "  "  "  K  &  Iln  0.5 

"  "  "  "  "  "  "  X  &  Cu.  0.3 

M  "  "  "  "  „  Cyft^**^*   ■    Hg   &  K  3.3 

"  "  "  "  "  "  "  Ag   &  K  11.2 

iU-    e.0t,.€M*M>U^  :  "9^/^  A^/^<   <^jCe.tCtZi      that   those   salts 

which  are   forried  with  s-nall   evolution  of  heat   should  be  r^^arded 
as,    in  the  ?iain,   broken  down  into  their  constituents   by  t]ie  action 
o  f  wat  er . " 

Favre   and  Valson   ^^)    found  that  wli.en  copper  sulp]aate   is 

(1)  Berthelot,   Es9ai|de  de  nfcJi..    chi'i.    1,    366. 

(2)  Pavre   and  Valsom,    Comp.    rend.    74,    1165,    (1872). 
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dissolved  in  pure   v/ater  or  in  water  containing   one  eq-ui\'alent   or 
potas^ivm  sulphate,   tlie  anoaint    of  Jieat    liberate!  i«  t'le   saie. 
They  neasured  also  the  a-iount    of  heat  sot   free  when  t'le  sulphuric 
acid  of  the  double  salt    is   precipitated  by  barii:un  chloride  and  h-' 
it  "was   equal   to  that   evolved  in  the  precipitation  of   the  constit- 
uents   separately.        They  therefore   concludod  tiiat    the  double   salt 
experinent  ed  upon  does   not    exist   in  solution  un.deconposed. 

Graham^    '    had  found  tliat    on  mixijig  sulphates    which  f om 
double  salts,   no  heat    is    evolved.        Eve-i  hlziL  the  fori-natio.n  of  alun 
no  certain  change     was    detected.        In  these   cases,   however,    t^ie 
double  salt    fomed  is    less    soluble   tlaan  either  of  its    constituents. 
He  therefore  perfor:"acd  the  experiment  with  raercuric   chloride  and 
anmonium   chloride  and  noticed  the   evolution  of  some  lieat. 

These   obser^/ations    'vere   oonfimed  by  3erthelot(2)    in 
his    work   on  the   dOTible  Jialides   of  mercury  and  of  silver.        He  con- 
cluded t]iat  Atercury  and   silver  could  form  double  salts,    (e.g.    with 
potassium)   wliich  exist  as  well  in  solution  as    in  t^Le  solid  state. 
This  conclusion  based  on  the   fact   tjoat   the  tlier^ial   changes   brouglit 

about    on  dissolving  tl^e   double   salt  were  not   equal    to  tiiose   in 
the  case   of    the  components. 


(1)        Graliam,   Phil.  Ifeg.    (3)    20,    539.    (1842)    ;    (3)    24,    401.(1844) 
(2j        Berthelot,  Ann.    chim.    phys .    (5)    29,    19B    (1883).. 


Invest i/rat ion  on  Volume  Clxan^e.  Kre:ners    ^1) 

studied  tlie  cliange   of  voluie   vfliicn  occurred  on  inixinis   salt   solu- 
tions,  and  came   to  the   conclusion  that    in  tJie  cases   studied  by 
him, since  these  changes  are   so  ninute  there  is  good  ground   for 
the  belief  that   double   salts    :ire  not    Lor^ied  in  solution  but   only 
on  the   instant    of  crystalliziiig   out    ;   and  tliat,    tJierefore,    on 
passiiog    into  solution,    double  salts   are   innediately  broken  dcr.-m 
into  their  constituents.        His   standard  of  conparison   of  volune 
clj^nge  was   tl:iat  produced  hy  such  s,  vigorous   chemical   reaction     as 
the  neutralization   of  acids    and  bases.        It    is  not   3"'.rprisi:'i^ 
therefore,    t' at  he   considered  the  volume  cha.nge  produced  by  the 
mixing  of  the  solutions   of  salts  capa,ble  of  foming  double  con- 
po\inds    too  minute   to   indicate   clienical   reaction. 

Favre  a.nd  Yalson   ^    J    also   studied  tlie  volume   changes 
of  double   salts   and  their  sijigle  constituents.        They  found  tbiat 
the   density  of  a   solution  of  potassium  copper  sulphate   is   the 
mean  of  the  densities    of  its    constituents,    and  from  this   arrived 
at   the  same   conclusion  as   tl:;£',t   reached  by  Kremers.        Fiarther  v/ork 
in  the   same   line  v/as    done  by  Groslians    (3)   who  came  to   the  same 
conclusi  on. 


(1)  K«eraers   Pogg.  An-i.    93,    53. 

(2)  Favre   nnd  Val^on.    Caip,    rend.    ?7,    907.    (1873) 

(3)  Grosiians,   Des  Dissolutions  Aq^ieuses,    2,7. 


T5i*irl0B  9iit  lo  ytlxlTTT 
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The   facts    in  the  case  were,    on  tj.e  other  ^'•iand,    brougiLt 
into   question  by  the    invest i,;;jat ions    o£  Geriaoh. 

He  did  detect   on  mixing  solutions    of  single   constituents 
of  alum,   a   slight   hut  a"P]:[reciable   contraction  of  volume   in  the 
case  of  concentrated,  solutions.-       This   contraction  increased  as 
the   dilution  '»ms    di7ninished,   while  as   tlie  solutions   wore  :ia  xe  more 
and  more   dilute,    it  grandual  ly  vanished.        He  concl\ided  therefore    //£>.•/• 
double  salts    of   tliis   kind  are   formed  and   exist,   at    least   partially 
undecomposed,    in  concentrated  water  solution. 

Investigations  on  the  solubility  of  salt  mixtures,. 
The  problem  of  the   existence   of   double   salts    insolution  has   beeh 
attacked  by  a  number  of   investigators    from  this   standpoint,   and 
the  results   obtained.  Jiave  justified  th^-^ir  labors. 

Kopp  announces^  the   following   "law"   as  a  result,  of 

his  work  :  "^Tliere  no  chemical  reaction  takes  place  between  two 
salts,  t]i8-t  one  v/ith  tlie  stronfjer  base  retains  its  solubility  as 
if  the  second  were  not  present.  The  second  then  dissolves  in 
t]\e  solution  of  the  first  in  proportions  which  ca^mot  previously 
be  calculated."  He  considered  fhz'.t  t  cre^two  classes  of  double 
salts,  those  wliich  do  not  retain  their  compound  nature  in  solution 
and   those  which  do.        He   even  tliinks   there  may  be  a  new  class    of 


(1)        Gerlach,    Zeitsclir.    and'.Chem.    28,    485.      (18!]9). 
(2;        Kopp,    Liebi^-'s  Ann.    34,    26o.    (18^0). 
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double  salts    wliiclo.  exist    only   in  solution  and  wlaicli  separate   into 
tjieir  constituents    on  removal    from  solution. 

IJulder   (1)    investigated  tlie   inriuence   7il\ic}i  th.e  simul- 
taneous  presence   of  two   salts  maj  exert    on  tiie  solubility  of   in- 
dividual  and  on  t'le   solubility  of  double  salts.        He   foujid  tliat 
if  tvTO   or  more   salts  be  added  to  v^ater  to  saturation,    there  exists 
a   relation  between  the   q^oantity  of  sin^^le  salts   present   which 
indicates   the   foiroation  of  true  cjiemical   compounds. 

Ktidorff  ^        in  his   studies   of  the  solubility  of  salt 

(  3) 
mixtures,    came  to  the  same   conclusion,    but   Trevor^        argues    aiffea? 

ently. 

A  number  of  studies   in  equilibrium  have  contributed 

to  the  foundation  of   the  idea  that,    in  general,   under  certain 

conditions    of  temperature  and  concentration,    double   salts  may 


(1)  Mulder,  Bijdragen  t  ot   de  gesc.liiednis   van  het   scheikondig 
gebunden  -^ater.        Rotterdam,    1864,   Jahrsb     .    Ch.    1864,    92; 
1866,    65. 

(2)  Bildorff,   Pogg.  An^i.    148,    558.    (1373). 

(3)  Trevor,    Zeitsclir.    f.    ph.    Ch.    7,    468.    (1891). 
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exist  in  solution.   These  investigations  ^  i)  can  only  be  inention- 
ed  and  no  attenpt  can  be  "lade  to  discuss  each  rsepaxately-. 

(1)     Ditte,  on  the  double  iodide  of  lead  and  potassium. 
Ann.  Chin.  phys.  (5;,  24,  226  (1831). 

Roozebooin,  astrakanite,  ammoniun  sodium*  racenate,  copper  calciuTn 
acetate.    Zeitsclir.  f.    ph.  Ch.  2,  513  (1888)  ;  12,  S59.  (1893> 
Meyerhoffer  on  potassium  copper  cjiloride,  2eitscjir.  f.  ph.  Ch. 
3,  336,  (1889). 

Vriens  on  potassium  copper  chloride,  2-itscl^r.  f .  z?^,    Ch.  ?,  194, 
(1891). 

Schreinenaker  on  potassium  lead  iodide,  geitsclir.  f ,  ph  .  Ch.  9, 
5?.  (1892)  ;  11,  239.  (1893). 

Van  der  lieide  on  potassium  ma.£{nesiun  sulpha.te,  Zeitsclix.  f.  ph. 
Ch.  12,  416.  (1893) . 


13. 

Certain  exceptions   load  been  noted  to  the  principle 
deduced,  by  ITemst^^    from  Van't  Hoff 's   application  of  t'le   laws    of 
gases   to   solutions,    tli^.t   if  a   substimce  be  added  to  a   saturs.ted 
solution   of  another  salt  Dxavin^-;  a   cortnon  ion,    the  solubility  of 
the   first   is   decreased  and  a  part   of  it   precipitated.        Le  Blanc 
and  Noyes    ^    ^    examined  these  exceptions   and  showed  that    the  apiH- 
rent   discrepancies   were  due   to  the   for^oation  of   double  salts   in 
solution, 

"iTork  of  the  sa:r!e  kind  h3,d  previously  been  carried  out 
by  Rose  and  subsequent  Tvork  ivas   done  by  BodlSlader:  :*^  ■"•'    on  the 

solubility  of  silver  J-ialidts  in  am?nonia» 

Electrolytic    Inve s t i f;a t i ons .  As   early  as    1314 

(5) 

Porret^    electrolysed  potassiun  ferrocyanide  and  found  that  the 

liquid  around  the  negative  pole  Triad  an  alkaline  reaction,  whi)le 
on  the  positive  pole  t.iere  separated  out  oxide  of  iron  and  hydro- 
cyanic acid.   This  salt  has  naturally  been  the  subject  of  a  nun- 

(1)  Nemst,  Zeitsc::^:,  f.  ph.  Ch.  4,  372.   (I839j 

(2)  LeBlanc   and  Noyes,    Zeitsc}ir  f.    ph.    ch.    6,    385.    (1390) 

(3)  Rose,    Pog;,'.  Ann.    82,    545,    (1851). 

(4)  Bodlftnder,    Zeitsclrr  f.   ph.    ch.    9,    730    (1892). 

(5)  Porret,   Phil.   lce,vs.  1314,    527. 
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ber  of  liko    investigations    since  tl^3,t   tirae.        Tlie    work  was   re- 

(1) 
peated  and    exte.nled  by  Daniell   and  .Lliller 

The  classical   work   in  this    direction   vsas   carried  out 

(2T 

by  Hittorf,        '    ■'.irh.o  not    only   electrolysed  a  n-omber  of  smrle 

salts   and  first   discovered  the   important  principles    of   electrolyt- 
ic   conduction,   but  also   extended  Ixis   7/ork  to   certain  double  salts 
sucli  as   potassium   fcrrocy^anide,   potassium  silver  cyanide,    sodixmi 
chlorplati:iate,   potassium  gold  cliloride,   potassium  mercury  clilorid  e 
potassium  cadnium  iodide,   and  a  num.ber  of  acid.    >alts. 

The  very  Tiame5we  use  to  designate   some  of  these   oompoTonc  s 
viz.;   potassium  chlorplatin/ate,    tell   the  result    of  his   work.-      He 
fou.nd  tl~iat   double  salts   do  exist   in  solution  and  ionize   into  tiie 
more  positive  metal  as    cation  and  the  acid  complex  as  aiiion. 
lie   firmly   established  tlie  class   of  compoujid   now  called  by  Ortv/aid 
"complex"    salts. 

Studies    of  aiectrical    conductivity. 

A  comjaratively   lar.je   anount    of   work  Ijas   been  done   in    this 


(1)        Daniell   and  Miller,   Phil.    Trans.      1844,  b 2?.   ,, 
^  .  T    Pogg.     Ann.    64,    18,    (1845).   " 

(2j         liittorf,   Pog£;.  Ann.    106,    53.       (1859). 


15. 

field.        I    can  only  mention  the  names    of  a   few  workers.    ^    ' 
Special  mention  should  perhaps  be  ;~uade   of   tli-e  work  of  Ar rhenius^^^ 
on  isohydric   solutions.        He   showed;  that  altliough  in  general   the 
amount   of  dissociation  oT  a   subst-nnoe   in  solution   is   altered 
by  the  addition  of  another  substance,    yet  no   clia-^^e  takes  place 
on  fh*  mixi;i^   of  isohydric   soliitions,    that    is,    of  solvitions    in 
v/hich  the  concentration   of  the  common  ion  per  unit  volume,    is   the 
s  ame . 

(1)  Bouchotte,   Comp.    rend.    32,    955.    (1833). 
Paalzow,    Pong.  jVnn.    136,    489.    (1869). 
Svenson,   Beibl.   2.    46    (1378). 
Grotrian,   ¥ied.  Ann.    18,    17?    (1883). 
Freund.    Jied.  Ann.    7,    44,    (1879). 
Bender,   '.Tied.  Ann.    22,    179,    (1884). 

Bouty,  Ann.,  chin.   Phys.    (6)    3,    433,    (1384)    ;    14,    74.    (18888). 
Crouttc>i«ff  and  Pac'dioff,    Comp.    r.-nd.    103,    1162.    (1889). 
Klein,   "Jied.  Aim.    27,    151,  (iSSSj. 
Wershofen,    Zeitsclir,    f.   ph.    ch.    5,    48;,  (1390). 
Kistiakowsky,    Zeitsc/ir.    f.   ph.    ch.    6,    97,    (1890) 

(2)  Arrhemius,   Beibl    .    9,   437.    (1335)    ;   'Jied.  Ami.    30,    51,    (1837). 
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As   a  result   of  all   this  work   it  has   been  firmly  est::.b- 
lislied  tliat   in  the   case  of   canpiex  salts    the   ooriductivity   is  very 
different    fron  tJie  -^ean      of  the  conductivities   of  the  constitue-i.ts 
and  t-"^t   tti)^  -oiomplexjion  exists  undecomposerr.      in  part  at   least, 
e^ren  in  the  dilute   solutions,        in  t]ie  case   of  nixtures    of   elec- 
trolytes  not    capable  of    forming;  double   salts    the   difference   is 
snal ler, 

A   special   studj?-  lias   been  made   in  this    laboratory  of 
the   conductivity   of  double   salts   which  would  not   ordinarily  be 
classed   anong  the  complex  salts.        Jones   and  Llackay   ^    ■'    studied 
certain  aluns  and  found  tluat   the  difference  between  the  conduc- 
ticity   of  the  alums,   and  the  sum  of  the  conductivity  of  the  con- 
stituent  salts,   was   greater  than  that  which  exists  between  the 
conductivity   of  mixtures    of  salts  not   capable   of    forming  double 
salts,    and  the   sum  of  their  separate   conductivities.        They  con- 
cluded tliat  the  alums   studied  are  to  be  classed  as  true   double 
salts   even  -while   in      solution.       At  vejry  great   dilution,   however, 
no   distinction  could  be   dra^.vn  between  their  bel-javior  and  that 
of  a  mixjjure   of  the  constituents. 

Sjomewhat   later  Jones   and  Ota^    '    extended  the  work  to 
certain  do.'.ble  chlorides   and   obts-ined  in  general    the   same  results, 
"(Tj        Jones   and  llackay,  A^.    Ch.   Jr.    19,    83. 
(2)        Jones   an.d  Ota,  AnsQ.    Ch.   Jr.    22,    5. 
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It  v/as    evident  hov/ever,    tJiat   tiie^^soltxtions  ass-ajne     tlie   condition 
of  a  mixtux'e   of  tlie   constituent   salts  at  nucli  smaller  dilution, 
tliat    is,    tlie   com-plex     ion  brGa!<:s   do-wn  into   siiipler   ones  nuch  nore 

eaaily  under  tlie    influence   of   increasing   dilution  tlian  in  double 

(1) 
sulphates.        Jones   a:id  Kniglit  continued  tlie  work  and  investi- 

gated t'le  bel^iavior   of  certaiii   ot.lier  cJilorides  and  double  bronides. 
As   t'li^e  work  here   described  is  an  extension   of  tJiO  above   to  cer- 
tain double  sulphates    (not  a'liura!:) ,    iodides,    cyanides,    and  nitrates, 
and  as   the  method   of  work   is   t}ie   sane,    it  need  not  be  detailed 
here. 

Cryoscopic   inve st i^at i ons ,        This    line   of   invest i- 

(2) 

gation  lias   been  followed  to  a  s-iall  extent.        I^oult  by  core- 

paring  the  depre  ^oion  of  tlie   freezing  poiait    of  water  caused  by 
Solutions  of  double   salts      v/ith  the   sun   of  the   depressions   pro- 
duced by  the  coistituent   salts,    concluded  tliat  certain  salts,   as 
t'le   double   chloride   of  mercury »   do   exist  undeconposed   in  soUition,   . 
but   tliat   other  salts,   as   certain  double   sulplj^tes,   are    entirely 
dissociated  into  tnoir  constituents. 

Le  Blanc,    and  Noyes    ^    ^    i -i  theirnvork  referred  to  abo-^/e 


(1)  Jones   a  Knight.,  Ann.    Ch.    Jr.       22,    110. 

(2)  ilaoult,    C<->   ;■■.    rend.    99,    914,    (1884), 
(3j        Le  Blanc   &  Koyes,  loc.    cit. 
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also  ■'nade  wse   of  crysoscopic   obsei^'-atioiis  i        Ho^xe   '.vork  has  also 
been   done  by  Jones   and  ^lackay^    ^    and  Jones   and  Ota.   ^)  The 

method   on  the   wliole,    while   indicating;   the  existence  o£  certain 
double  salts    in  solution,    c 3,nnot  be  said  to  ha.ve  proved  as   satis- 
factory'" as  tJiat  based  on  the   electrical   conductivity  of  the  salt 
solutions. 

Glial  HI  CAL   CiVL  CUIAT I  OHo .  Basing  Ms   reasoning   on  iurrhenius  • 

theory  of   isohydric    solution^   'lacGre^^or^    v    ivis   deduced  certain 
;  .ethods-for-  calculatiii"  the  conductivity   (and   other   ionic  proper- 
ties]   of  -rnixtures    of  electrolytes   which  do  not   act  upon  one   anoth- 
er cheinically,    from  certiain  data  kaown  concerning   the   single  con- 
stituents,  viz    ;    (a]    the    (^a,ntities  present   in  a  given  volune   of 
the   solution    ;    (b)    their  aTnounts   of  dissociation   ;    (cj    tlieir 
molecular  conductivities    at   infinite   dilution. 

If  V  is   the  volu'^e   of  a   certain  solution  v^hic-h  contains 

N,  ,    IT   ,   H   , etc.  gramne-e  qui  ^Talents    of  the  respective 

1        2        3 

electi^ol-toi  present    ;    if  c^-i,   d,.  cL. otc.   are  ti^eir 

respective   coefficients    of  dissociation  or  ionization,  and  if 


(1)  Jones   &  Ilackajr,    loc.    cit. 

(2)  Jones  &  Ota,    ioc.    cit. 

(3)  :iacGregor,        Trans.   N.    3.    Inst.   Sci.    3,    101,    1395-96   ;   Phil, 
Hag.    (5j,   41,    2?6,    1896,    Trans.   Hoy.   Soc.    Can.,    (2)    2, 

Sec.    3,    65,    1896-7. 


19 


^M-^ ^  J^oCyi  A'v'ic^f etc.    nre  tkeir  respooti-^re   37>ecific   conduc- 

tiirities   per  gran?ne-efTiii^mlent  at   infinite   dilution,    then,    accord- 
ing  to  the  above   theory,    tJie   specific   condnctivity  of  the  solu- 
tion  is    eoual   to -^    {df   Hi/^'ip/  "^  «s^2  '^^2.  J^tfo.'"    '^3  % -"^3         *    *    '    ^^^l 

Ke  then  de^ftiaaed  four   equations   v/hioh  if  graphically   enployed 
enable   one   to  calculate  the   condt.cti^'-ity  of  mixtures    of  electroly- 
tes  to  a  high  degree   of  accuracy  in  dilute  solutions.        In  a  mix- 
ture  of   electrolytes   each  may  be  considered  as   occupyirig   its    OAm 
distinct   -^aYuion   of   tlxft  solution.        If  v/e   denote  the  electrolytes 
by   1   and   2,    tiie   concentrations      (in  gramme-equi"''-alents   per   litrej 
of  the   solutions  with  respect    to  them  by  N-,    and  N2>    respectively. 


their  ionization  coef fici-^nts  by  at,   and  d^t   and  their  reijional   di- 
lutions   (in    litres  per  gramme  equivalents)   by  V,   and  ¥£>    respect- 
ively,   then,    when   the   solutions  are   in  equilibrium  with  respect 
to   eacli  other^ 

dt-]^  isLj^  

______     u). 

that  is,  the  nur^ibers  of  the  free  gramme- ioi-iS  of  the  electrolytes 
per  unit  volume  of  their  respective  regions  are  equal. 
N^   V^  -^  Ng   V2   r  1    (2) 

that  is,  the  volume  of  the  solution  is  equal  to  the  sum  of  the 
volumes  of  the  region-  of  the  respecti-^'-e  electrolytes. 
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—      f,     (Vi) (3j 

<sfc 

V2  (^) 

tliat    is,    tlie  rational    ionic   concentrations   are    fluictions   of  the 
respective   regional    dilutions. 

By  neans    of  curves  plotted  tJiese  relations   are  worked 
out  nore   easily  tiian  by  pure  matlieniatics,   and  tlie  estimation  of 
the   conductivity  of  ini;':tures   at    ii  f  i,»rent   dilutions   can  lie  accu- 
rately '^lade.         In  testing  :JacGregor*s  graphical   method  the  work 
of  his    students    ^    ^    has   shovm  that   in  dilute   solutions    it  "aolds 
accurately,   hut  that    in  more   concentrated   soluti  ns,    where  the  ^i'-'j* 
of  the  cor.stituent   salts    cannot  be  considered  the  sane    (due  to  the 
presence   of  a   large   qiaantity   of  another  salt)   as   mien  tva.l-~      alone 
is   the  solvent,    discrepancies   arise. 

It    vrould  seem,    then,   as   a  general   result    of  the   fore- 
going historical    survey   of  the  investigations   that  have  been  made 
on  tJie   S'.ibject   of  double    salts    in,f30lution,    t^uat,    so   far  as   dilute 
solutions   are   concerned,    Ort;vald*s    distinction  between  complex  and 


(1  jHcIHlOSH,    Trans.    N.    .S'..   Inst.    Sci.,    9,    120,    18S5-6    ;   Kiil.  Mac;,    (bj 

41,    510,    1B06. 

Archibald,  Trans.  N.  b.  Inst.  Sci.  9,  291,  307,  335  ;  Trans.  Roy. 

Soc.    Can.    (2),    3,    Sec.    Ill,    69,    l89?-8. 

McKay,        Trans.    IT   .    S.    inst.    sciQ>321.    1397-3. 
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double  salts    can  be  slifirply  dra^vn.        Tlioso   salts   ?7h.ic}i  exiiibit 
in  dilute    solution  different  pro-perties    from    those   of   its    constit- 
uents  do  also   on  electrolysis   show  a   complex  anion.        But,    in  con- 
centrated solution,    certain  other  salts    show  these   diCCerences, 
and  it   is    fairly  certain  that   the  nature   of  their  complex  ior.s, 
or  indeed  their  existence,   cannot  be  directly  demonstrated  by 
electrolysis. 

The  present   work  lias   been  undertaken  to  gain   furtlaer  Icnovrl- 
edge   in  order  that   if  possible  the   classification  may  be  more 
definitely  made.        The  ./ork  Ij^s  ''a-e'^i  embraced  the   study  of  cer- 
tain double  sulpahtes   which  are  not   alums,    certain  double  nitrates 
and  iodides,   and  a   double   cyanide.        The  work  lias   cojisisted  of 
a    canparison  of  the   electrical   conductivity  of  t]:ie  double   salts 
with  that   of  their   constituents   salts.        Some   cryosoopic  work 
ha.s   also  been  done. 

APPARATUS . 


The  apparatus   employed  in  the  measurenent   of  the  electrical 

conductivity   of  the  solutions   was   t'-p,t   devised  by  Kohlrausch  and 

(1) 
improved  and  described   by  OstT/ald,.        It   consisted  of  a   "(iOaeatstoneS 

bridge,    tel ephone, inductid  coil,   resistance  box,    cell,   and  ther- 
mostat. 
XTj"  '     OstvTP.ld.         Zeitsch'^    f.   ph.    6h.    2,    531,    (1J38J. 
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TiiQ  bridge   coinsistecl  of  a  '•llanganine"   wire   one  rietre 

long  ri,iiining  beside  a  nillinetre   scale.        Headings  were   in  general 

confine:!  by  means   of  suitable   resistance  to  tiie   space  between 

a 

400   and  600   on  the  scale,    since  tlie  ratiD     1000-a:-  is  nore 

accurately  obtained  when       a   equal    500  tbian  when  it    equ?.ls,    e.g. 
100   OT'    900..  By  employing   tliyge  different  res  is  ta^nces   tliree 

readings    were  made  on  each  solution.        The  results   recorded  are 
the  mean  of  these.        The   telephone  used  was  vJ'Js.t   is  known  as   the 
"watch-case"    style,   and  gave  good  tones  and  minima  with  the   induc- 
tion coil    enployed. 

The   induction  coil   was   nade  to   order  by  M.  E.   Leeds   &  Co., 
Phila.,   and  gave  the  greatest   satisfaction  through  out   the  work. 
By  a   system  of  very  thick,    rigid  steel   bars    carrying  the 
"make-and-break"    spring,    tlie  tone  obtained  was   of  exceptionally 
high  pitch.        The  whole  vias   encased  in  a  box  7/ith  the  con:iections 
leading  to  binding  posts   on  the   o^jitside.        The  screw  for   tiie 
adjustment   of  the  spark-gap  was   controlled  from  tiie  exterior. 
The   tone  given  in   the  telephone  was   continuous,   and  tsie  action  of 
the   coil    so  silent,  that    it   could  easily  have  beevi  used   on   tiie 
same  desk  with  the  bridge,   but    for  convenience  was  placed  at  a 
distance   of  rriae^t    eighteen  feet  away.        The  coil   was   operated  by 
a   storage   cell  giving  about   two  volts. 
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The  resistance  box  cont/uned   li.110.5   dlxms    in  individual        "  ■  •' - 
coils,   ranginj3    from  4000   olxns    do-;i7n  to   0.5   olris .        The  box  was 
certified  as   accurate   to   1/25   of  one  per  ce-it. 

Tlie  t]i.emac^at  was    oi  the  usual    form,    containinr   about   20 
litres   of  nvater  kept   in   circulation  by  a   stirrer  operated  by  a 
hot   air  fan.        The   cell   rested  on  a  hard  rubber  shelf  and  contact 
was  nade  with  the  wires    leading   there  pei^Tianently  tlvrou^ih  small 
mercury  cups.        The  tonperatmre   of  the  bath  was  kept   constant   by- 
means    of  an  Ostwald  gas   r^-ulator. 

The  thermometer   employed  xms   one  graduated     in   fea^Hs-o    of^i 

degree  and  tested   correct. 

The   cells  used  were  of  the  Arrhenius   t^rpe.        T'.yo  cells   were 
employed,    one  with  the   electrodes    close  togetJier  for  dilute  solu- 
tion,  and  the   other   with  electrodes   far  apart--for  concentrated 

solutions.        These  cells  were   frequently  restandarclized  with 

N 

5c  K  CI  .        (/"vij-o  = /zf '/     )  and  a   c?aeck   ^vas  kept  on  the  stij-'.d- 

ardizations   by  deteirmining  with  every  su   stance  t?ae  conductivity 

of  some  solution   in  botJi  cells. 

All   graduated  vess'^ls  used  in  making  up  solutions,    such  as 

flasks,   pipettes,    and  burettes  were  calibrated  by  t.he  method 

of  Morse  &.  B  la  lock.    ^ 

oOLUTIONS. 


The  constituents  of  the  double  salts  were  in  every 

(1)   Morse  and  Blalock  Am.  ch.  jr.  16,  479. 
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case  tlie   c.   p.    article   frcfr-:  such   Tirms   as  Bender  and  Hobein  of 
Dresden,    Theodor  Schuciiy.x't,    oi?  G^rlitz   or  Eimer  and  Amend,   New 
York.        Tlxese  were  piarified   in   every  case  by  recrystal ligation  and 
tested  as   to   parity  by  analysis.        The   double  salts   were  nade  by 
bringing  together  tjie  proper  a^'ioiint    o.iT  the  constituents,    and 
dissolving   the  vdiole  mixture.        They  v/ere  then  cryst  ^.llized   ait 
s Lowly,    care  being  taken  to  prevent  too  rapid  a   deposit   of  crys- 
tals..      The  solutions  were  never  e^/aporated  to   such  a   degree  as   to 
remove  anything   like  the  whole  amoujit    of  dissolved  stiostance. 
The  crystals  were  rapidly  freed  txcrx  the  mother^ -liquor,   and 
where  the  great   solvibiiity  of   the   salt   did  not  prevent,   were 
waslied   with  water.       After  drj'ing   on  absorbent  paper  they  were 
analyzed.       Al^- the   sulphates  wer^"-  treated  in  this    'my>the   cyan- 
Ides^,  iodides   and  nitrates   did  not  per-'-.it   of  washidg* 

The   single   constituents   and  double   salts  were   dissolved  in 
pure  water  and  mother-solutions   of  convenient   strength  were  pre- 
pared and  analyzed.        From  these   suitable   dilutions   were  made. 
Two  methods    of   diluting  were   employed.        In   some  cases    fifty  cubic 
centimeters    of  the  solution  were  mea-'urod  into  the   conductivity 
cell,   and  after  its    conductivity  liad  been  determin  edit  went  y-five 
cubic   centimetres   were  v/ithdra^troi  by  means    of  a  pipette  a^^.d   the 
same  amo^n-t    of  ^vater  added,    in  cases  where   it   v^s   v^ished  to  double 


25 

tlie  voltine   oT  t;ie  solution.        In   tliis   ■'.vay  dilutions  were  made 
in   t2ie   coll    frorn  a   solution   oT  volui^ie   1    to  volume   2,    to  ^--olune  4, 
to  volur\e   8,    to  volume   20.       A  soltition  of  volune   20  "was   t.Hen 
made    from  trie   original    solution  directly  in  a  measuring  Clask 
and  its   conductivity  was    comp.?,red  with,  tlv^.t   o:C  tlie   solution  made 
by  successive  dilutions  in  the   cell.        Very-,  stn^ljl.  lif  Cerences  vrere 
noted,,  and  the  proporti  oiial    corrections    ^    '    were  applied  to  the 
solutions  previously  made.        This    latter  solution  was   then  diluted 
in  tlie  cell   tliree   of  four  tines,    and  the  conductivity  of  tlie   last 
llMafeMB.  was    compared  witji  one   of  the  sa;ne  concentration  made 
directly  from  the  original  mother- solution. 

The   other  method   of  diluting   was   the  simple   one   of  making 
each  dilution  directly  from  the  mother-solution.        For  exe.mple, 
from  a   solution  of  volume   1,    solution'sof  volume   2,    4,    8,    20,    40 
waald  be  prepared  in  raeasurin^j   flaslrts.        Further  dilution  would 
then  be  made    f«r0>»jthe    last    (40)    as  a  motlier-solution. 

It  has   been  argued  i'l  favor   of  t.he   first  method  tJiat  time   is 
saved.        I   am  of  the   opinion  that  not    only  is   the   second  method 
more  accurate,   but    it  does  not  require  any  more  time. 

All   the   vater  used  in  making  up  solutionsknd     washing  out 
apparatus   Tra,s   purified  by  distillation  in  the  manner  described  by 
Jones     and  Mackay^^) .  Corrections  were  applied  to  the   conduc- 

(1)  Kohlrauch,    jied.  Ann.      26,    184,    (1835).  ^^ 

(2)  Jones  £i  liackay,    Zeitsclir   f.   pli.    ch.    22,    237    j  Am.   Ch.   Jr.  19,^1^ 
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tivity  of  the   v;ater  bein/j   determined  for   eacli  substance   vrorked 
•upon.        Tlie  conductivity   of   tl-ie   vater  ranged  from   1.1   x   10"*^  up  to 
occasionally  3.0  x   10~3      reoiprocal    orras.       All  iwater  -was   pre- 
served in  vessels   virhich  liad  been  used  alone    for  tliat  purpose    for  a 
number  of  years. 

In  the  work  v^iich  is    detailed  below  all   the   solutions  were 
made  upon  the  basis    of  tlie  T.oiecular  weight   of  the   sxibstance, 
A  solution  of  volume   1    contairis    one  granrie-nolecular-weight   of 
the   substance   dissolved  in  a   litre   of  \vater.        The  symbol,  v^^ 
used  to  denote  the  number  of  litres   of  t]ie  soKition  v/hich  contain 
one  gramme-molecular  weight    of  tlie   ou!>st;ince.        The  symbol  y^^ 
is  used  to  denote  the    specific  molecular  oonducti^aty  of  the  solu- 
tion at  the  voltc'ie     v        .      The   column  marked  "Concentration"    in 
the   tables   that   follow/  contains   t-he   strength  of  the  solution  in 
terms    of   one  gramme-roleculei  per  litre  as  normal.        In  the 
cryoscopic   -.vork  the   sj^mbol   L   is  used  to  denote    the  actual    de- 
pression  of   tlie   freezing  point    of  the   solvent  by  tl'io  dissol'-'ed 
substruaoe  and         ^       ,    the  molecular   lowering,. 
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DQUBL-E  IODIDES. 

Double  Iodide   of  Potassium  and  Cadmium. 

Tlie   conductivity  of  cacLmiur;  iodide  lias  been  determined 
by  Grotrian  and  yershofen  (1)  and  I  have  interpolated  between 
their  values. 


I. 


Cadrciur.  Iodide,    CI    I, 


Llolec.    v;t.    S65.70 


v 

/^  w/g" 

1 

2 

28.2 

4 

34.0 

10 

43.8 

20 

55.6 

40 

73.4 

100 

99.6 

200 

121.8 

400 

143.4 

1000 

171.8 

2000 

183.2 

TTT 

Grotrian  and  V/ershofen-\7ied.Ann.  ,    18  ,177.  (13S3)and  Zeitschr. 
f.    p<i.    Ch.    5,    481.    (1890). 
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The   oonductivity  of  poto.nsiuin  iodide  has  "been  determined 
"by  Kohlransch   (1),    and  I  have  interpolp.ted  "between  his  values, 


II. 


FotassiUDTi  Iodide,  KI.      Molec.wt,        166,0, 


V 

'    V  -  <^ 

-^•^v  180 

1 

96.8 

193.6 

2 

99.7 

199.4 

5 

102.4 

204.8 

IC 

106.9 

213.8 

20 

110.2 

220.4 

50 

113.2 

226.4 

100 

116. 1 

232.2 

200 

118.3 

.  236.6 

500 

119.7 

239.4 

1000 

120 . 3 

240.6 

2000 

121.2 

242.4 

(1) 


Kohlransch,  ¥ied.  Ann.  26.  161   (1885) 
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The  conductivity  of  the  double  iodide  of  Potassium  and 
cadmium  has  "been  detei-rnined  by  Grotrian  and  Wershofen  (1). 


TTi; 


rotcissiuin  Cadmium  Iodide.   K^^,  Cd   iw.Molec.wt.    697, 7C 


70 


V 

'^180 

2 

151.6 

4 

166.0 

10 

188.0 

20 

208.0 

40 

228.8 

100 

285.4 

200 

313.0 

400 

344,8 

1000 

378.0 

2000 

401,0 

4000 

408.0 

(1) 


Grotrian  and  Wershofen   loc.  cit. 
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The  coniparison  of  the  conductivity  of  the  douhle  salt 
with  the  sura  of  the  conductivities  of  the  constituent  salts 
must  be  nade  so  as  to  tcuce  into  account  the  fact  that  tvvo 
molecules  of  potassiuri  iodide  are  present  in  the  double 
salt  to  every  one  of  the  caclinium  iodide.    Twice  the  con- 
ductivity of  the  pota.ssiix'^i  iodide  at  one-half  the  dilution 
of  the  '^admiun  iodide  is  added  to  the  conductivity  of  the 
latter,  and  the  sun  is  coripared  with  that  of  the  double 
salt  at  tiie  latter  volu.ne. 


IV. 


Comparison.    Cadmium         Pota,ssiixm     Iodide. 


V 

/2/^v,^  KI. 

V 

M^,rC'^l 

Susi 

Difference 

1 

193.6 

2 

23.2 

221.8 

151.6 

70.2 

2 

199.4 

4 

34.0 

233.4 

166.0 

67.4 

5 

204.8 

10 

43.8 

248.6 

188.0 

60.6 

10 

213.  S 

20 

55.6 

269.4 

208.0 

61.4 

20 

220.4 

40 

73.4 

293.8 

228.8 

65.8 

50 

226.4 

100 

99.6 

326.0 

285.4 

40.6 

100 

232.2 

?,^,.o 

121.8 

054.0 

313.0 

41.0 

200 

236.6 

4>j 

143.4 

380.0 

344.8 

35.2 

500 

239.4 

10 -^ 

171.8 

411.2 

378.0 

33.2 

1000 

240.6 

2000 

183.2 

423.8 

401.0 

22.8 

2000 

242.4 

40  OC 

_ 

- 

408.0 

- 
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DOUBLE  IODIDE  OP  CADMIUM  AM)  STRONTIUJi. 


The  salt  was  prepared  by  dissolving  tOt^ether  the  ariounts 
of  pure  cadiniuiu  iodide  and  strontium  iodide  required  to  inake 
a  double  salt  containing  one  molecule  of  each  constituent. 
The  double  salt  crystallizes  out  easily  although  it  is  quite 
soluble.    It  has  the  coi.aposition  Cd  Sy  I^.  8H*0. 

ANALYSIS.  The  cadiniuiu  was  precipita.ted  from  the  acidi- 
fied solution  with  hydrogen  sulphide  and  the  strontiiom,  after 
expiilsion  of  the  sulphuretted  "bydvocjed  ^  was  detenriined  in 
the  filtrate  "oy  precipitation  with  sodixun  carbonate.  The 
cadmium  sulphide  precipitate  v;as  collected  in  a  Gooch  cru- 
cible and  was  lied  with  chloroform  and  carbon  bisulphide  to 
remove  an^'-  precipitated  sulphur. 

I.  2.2325  gr.  crystallized  salt  gave  0.3950  gr.  CdS 
and  0.3795  gr.  Sr  CC3. 

II,  1.9053  gr  crystallized  salt  gave  0.3285  gr  Sr  CQ^   , 

calculated  for  Cdl'^.    Sr  Z^,    BH^O:- 

I.      II. 
Pound,     13.75     fo  Cd. 

Theoretical,  13.17  '^  Cd. 

I.  II. 

round,    10.08  10.  23  f.   Sr 

Theoretical,   10.17  <   Sr. 

The  iodine  was  determined  by  titration  of  the  solution 

against  IT/10  silver  nitrate. 
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Dissolved  0,9942  gr.  crystallized  salt  in  100  c.c.  water, 
25  cc  solution  were  equiyalent  to  10.34  cc 
"   "       "      "         "      "   10,38  GO 

mean     10.35  cc  AglTO,  lT;x ft  11255. 

Pound,         59,50  fo   iodine 

Theoretica,!  ,    59.61  %   iodine. 

PREP ARA.T ION  OF  THE  SOLUTION:-   The  salt  was  weighed 
out  s:^-i>'V0)C\mi3Xe'lY   so  ^-^  to  make  a  normal  solution  when  dis- 
solved in  a  litre  of  water.   A  portion  of  the  solution  was 
diluted  twenty  times  and  ten  c.c.  portions  were  titrated 
against  silver  nitrate  solution. ' 

10  cc  T/ere  equivalent  to      17,85  cc 

11  II    M       II       II        17,89  cc 

mean      17,87  cc  Ag  NGj  ,Mx3.11255. 
The  origina^l  solution  therefor  had  a  concentration  NX-0.9944 
and  its  volu:ne  was  1.0056. 

Conductivity  of  the  double  iodide  of  cadmiuin  and  stron- 
tium:- 


V. 

Cadmium. 

Strontium  Iodide 

Cd  Sr  T^ 

.  81-', 0.  T-Iolec  v/t. 

345.39 

V 

Co nee M- 
tration. 

Gr.cryst . 

:.?.lt  per  Litre. 

V  :i'oo 

1.0066 

0.   9944 

:  846.39 

91.1 

2,0112 

0,   4972 

'  423,19 

121.9 

4.0224 

0.   2486 

211.59 

144.4 

10.056 

0.  09944 

84.639 

172.5 

20.112 

0.  04972 

42.319 

199.9 

40.224 

0.  02486 

21.159 

235.4 

100.56 

0.009944 

8.4639 

289.1 

201.12 

0.004972 

4.2319 

324.4 

402.24 

0.002486 

2.1159 

357.6 

1005.6 

0.000994 

0.8464 

393.2 

2011.2 

0.000497 

0.4232 

426.4 

4022.4 

0.00025 

0.2116 

454.5 

10056 

0.0001 

0.0846 

462.6 

Conductivity  of  Cd  Sr  ~ j^   calculated  for  even  volumes, 


VI. 


Cd  Sr  "^  1^ 


V 

-^^^r- 

-/ 

M'**s- 

V 

/^"AJ-^ 

1 

90.93 

20 

199.82 

400 

357.6 

2 

121.53 

40 

235.05 

800 

393.2 

4 

144.17 

80 

270.84 

2000 

426.4 

8 

162.89 

200 

324.39 

4000 

454.5 

.34. 


STRONTIUM  IQDIDB. 

The  salt  was  purified  by  crystallization  and  analyze! 
for  purity. 

3.413  gr  crystallized  salt  were  dissolyed  in  1000  c.c.  water 
and  10  c.c.  portion  were  titrated  against  silver  nitrate, 
N  X  0.  11255. 

10  cc  solution  were  equivalent  to   14.40  cc 

10  cc     "      "        "     "    14.41  cc 

Found     60. S5  %   iodine 
Calculated  for  Sr  I^.  6Hj|0 ,  theoretical  %   I.  51.98. 

The  solution  for  the  determination  of  the  conductivity 
was  made  up  and  stadardized  by  precipitatin.'j;  the  strontiuia 
as  carbonate.   Ten  c.c.  of  the  solution  were  diluted  to 
one  hundred,  and  ten  c.c.  portions were  taken  for  precipita- 
tion. 

I.        II. 

Wt.  SrCOj..      0.1168  i;r.  0.1167  gr. 

The  solution  had  a  concentration  IT  X  0.  78  29,  and  its  vol- 
ume was  1.2644, 
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COM)UCTIVITY  OP   STRONTIWI   IODIDE. 


VII.       StroiitiU'n  lodwde.  ^r-  I,.    Mole:-.  V/t.  (cryrjt)  449 

.42 

V 

Concentration 

GV. '--ryst. 
; 3alt  per  Litre. 

'V  Xi— 

1.2644 

0.7829 

351.85 

150.56 

2.5288 

0.3914 

175.92 

169.29 

5.0576 

0.1957 

87.96 

181.77 

12.644 

0.07829 

35.18 

196.79 

25.288 

0.03914 

17.59 

206.04 

50.576 

0.01957 

8.79 

217.83 

126.44 

0.007829 

3.518 

229.82 

252.88 

0.003914 

1.7592 

239.12 

505.76 

0.001957 

0.8796 

245.59 

1264.4 

0.000729 

0.3518 

248.58 

2528.8 

0.000391 

0.1759 

253.80 

GonductiTity  of  SrI2  calculs.ted  for  even  volurties. 

VIII.            Srl;^  : 

V 

/^v^r" 

^ 

/■^^zs-* 

•  'T 

/^v  ^.  » 

1 

146. Go 

20 

202.18 

.  400 

242.34 

2 

161.45 

40 

212.97 

800 

247.19 

4 

176.56 

30 

222,24 

2000 

251.78 

8 

187.59 

2u0 

235.40 

36. 


Tlie  conductivity  of  cadmium  iodide  is  given  above. 


IX. 


Co:TOari3on. 


Strontiu'  i 


V 

^v  250  Sr:';j, 

C  'A. 

Sum 

/?v  25o 

Difference 

1 

146.65 

90.93 

- 

2 

161.45 

28.2 

189.6 

121.58 

68.0 

4 

176.56 

34.0 

210.56 

144.17 

66.4 

8 

187.59 

40.6 

??8.2 

162.89 

65.3 

20 

202.18 

55.6 

257.8 

199.82 

58.0 

40 

212.97 

73.4 

286.4 

235.05 

51.4 

80 

222.24 

91.0 

313.2 

270.84 

42.4 

200 

235.40 

121.8 

357.2 

324.29 

32.9 

400 

242.84 

143.4 

386.2 

357.59 

28.6 

800 

247.19 

162. 4 

409.6 

381.2 

28. 4 

2000 

251.78 

183.2 

435. '0 

426.38 

8.6 

DOUBLE  CYANIDE  OP  POTASSIUM  AM)   JIERCURY. 


This  salt  was  obtained  "by  crystallizing  fron  a  solution 
contairiirig  the  constituent  salts  in  the  proportion  to  form 
Hg(CN}>.  2KCN. 

ANALYSIS:-   The  mercury  v/s-s  precipitated  as  mercuric 
sulphide  and  v/as  collected  and  weighed  in  a  Gooch  crucible. 
The  precipitate  v/as  washed  v/ith  carhon  bisulphide  to  remove 
any  excess  of  sulphur  ths.t  m.ight  ha.ve  been  present.   The 
salt  is  very  hygroscopic  said  the  crj'-stals  talren  for  analysis 
were  only  dried  on  absorbent  paper. 

I.    1.3529  gr.  salt  g&.ve  0.8025  gr.    Hg  5. 
II,    1.4593  gr.  salt  gave  0.8641  gr.    Hg  5. 
Theoretical  Hg  in  E^(C1!)^.  2  KCN 52.33  ^ 

Found  Hg  in  Eg(CN)-.  2  KCN (  I.  51.13  f.     . 

(  V 

(II.  51.04  ^ 
As  the  substances  eraployed  had  been  previously  re- 
crystallized,  a  number  of  tines,  and  as  the  crystals  of  double 
salt  were  well  formed  and,  furthennore ,  since  the  substance 
used  for  analysis  had  been  only  dried  on  absorbent  paper, 
the  analysis  was  taken  to  indicate  pure  double  salt,  and  it 
was  used  without  further  re crystallization  for  the  purposes 
of  the  investigation. 
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The  solution  prex^ared  for  the  detenninatior.  of  the 
electrical  conductivity  was  analysed  in  the  same  way. 

I.    4  cc.  solution  gave  0.7617    gr.   Hg  S . 
II.    4  cc.  solution  gave  0.7610    gr.  Hg  5. 

The  solution  v/as ,  therefore,  N  X  0,  8191  and  its 
volume  1.2210.    It  contained  313.5187  grs.  to  the  litre, 


Conductivity  of  the  double  cya^nide  of  potassium  and 

mercurj/':  - 


Molec.vrt . 

X. 

Potassiuin             Mercurjr  Cyanide: 

i:,(CN)p..  ? 

KCIT.  382.76 

V 

Concentration 

Gms.per  Litre 

/^r  250 

1.221 

0.8191 

313.5187 

155.0 

2.442 

0.4095 

156.7593 

173.1 

4.884 

0.2047 

78.3796 

186.8 

12.21 

0.08191 

31.3518 

202.0 

24.42 

0.04095 

15.6759 

211.53 

48.84 

0.02047 

7.8379 

222.0 

122.1 

0.008191 

3.1352 

234.    0 

244.2 

0.004095 

1.5676 

240.    0 

488.4 

0.002047 

0.7838 

244.3 

1221.0 

0.000819 

0.3135 

248.9 

2442. C 

0.000409 

0.1567 

251.2 

4884.0 

0.000204 

0.0784 

259.5 

12210.0 

0.000082 

0.0313 

258.8 

39. 


Conductivity  of  K^H'^(CN)^  calculated  for  eveii  volumes, 


XI. 

J^-l«-- 

-  '  :  ^ 

V 

/^  250 

V 

>-  ..0 

V 

^v  250 

2 

166.5 

40 

117.9 

800 

245.6 

4 

181.8 

80 

227.1 

2000 

250.4 

8 

193.3 

200 

237.8 

20 

208.1 

400 

242.8 

MERCURIC  CYAITIDE. 

ANALYSIS :- 

I.    5  CG.  solution  gave  0.4660  gr  Hs  S. 
II.    5  cc.  solution  gave  0.4659  gr  Hg  S. 

The  solution  therefore  had  a  concentra,tiori  l!tx.0.4013, 
and  its  volume  was  2,4937. 
It  conta.ined  101,28  grs.  to  the  litre. 

The  conduct ivitj?"  of  this  substance  is  very  siaall ,  so  that 
only  the  most  concentrated  solutions  gave  distinct  readings 
on  the  Wheatstone's  bridge, 
Conductivity  of  Iler'^uric  Cyanide:- 


XII, 


4: 


(Oil) 


^J^ 


■.L-lco.V/t, 


Concentrc'.tion 


Grs.  per  Litre 


101,28 
50,64 
25,32 
10.13 


A 


V  25o 


5.4037 
4,9874 
9.9748 
24,937 


0.4016 
0.2006 
0.1003 
0,0401 


0,2775 
0.2957 
0.3198 
0.3787 


\6, 


Conductivitj'"  of  mercuric  cyanide  calculated  for  even 
volumes:- 


xi:^. 

Hfi    (CN)..    . 

V 

^v   250 

4 

0.2884 

8 

0.3104 

20 

0.3588 

POTASSIUM  CYANIDE. 
ANALYSIS  OF  SOLUTION: - 
I,    5  c.c.  solution  gave  0.6079  gr  KjSO^' . 
II.    5  c.c.  solution  gave  0.6083  Qr   KjSC^. 

The  solution  was  therefore,  Nx  1,3944  and  its  volume 
0,7171.   The  solution  contained  90.9009  grs.  to  the  litre. 


Conductivity  of  potnssiu;^  cyanide:- 


XTT. 

Potassiu-n  Cyan 

idc.      KCN. 

LIclec.vrt. 

65.19 

V 

Concentration 

Grs. per  Litre 

A 

Hj   25o 

0.7171 

1.3944 

90 . 9009 

110.69 

1,4342 

0.6972 

45.4504 

119.74 

2,8684 

0 . 3486 

22.7252 

126.71 

7.171 

0.1394 

9.0900 

133.20 

14.342 

0.0697 

4.5450 

138.88 

28.684 

0.0348 

2.2725 

144.76 

41. 


71.71 

0.0139 

0.9090 

150.38 

143.42 

0.0069 

0.4545 

154.98 

286.84 

0.0035 

0.2272 

157.98 

717.1 

0.0014 

0.0909 

162.30 

Conductivity  of  potassiiom  cyanide  calculated  for  even 
volumes. 


X^/. 

PottTosium 

Cyari.le. 

KCN. 

V 

^.v  250 

ZM^^   25^ 

1 

114.26 

228.52 

2 

122.49 

244.98 

4 

128.41 

256.82 

10 

135.43 

270.86 

20 

141.20 

282.40 

Since  the  double  ss.lt  has  the  corr:po3ition  Hg(CN)i;.  2KCN, 
in  making  the  conparison  of  its  conductivity  v/ith  the  sum  of 
the  conductivities  of  the  constituent  salts ,  that  of  the  po- 
tassium cyanide  must  he  taken  at  one-half  the  dilution  and 
doubled ♦    The  case  is  parallel  to  that  of  Cdlg,.  SKI. 


XVI, 


ComTJarison.      LIercir'~'r  Potassium  Cyai:i 


/«v   25° 

(0.25    ) 

0.2884 

0.3104 

0.3588 

(0.39) 


Hg:£(CN)^ 


/^A/. 


25  KCIT: 


:Si.;un 


Difference 


1 

228.52 

2 

244.98 

4 

256.82 

10 

270.86 

20 

282.40 

s 

4 
B 

20 
40 


228.77 
245.27 
257.13 
271.22 
282.79 


166.5 
181.8 
193.3 
208,1 
217.9 


62.2 
63.4 
63.8 
63.1 

64.9 
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The  results  obtained  with  the  above  double  iodides  and 
the  cy8.nide  indicate  that  these  salts  exist  in  solution  un- 
decomposed  into  their  constitueiJts ,  in  part  at  least,  even 
up  to  and  over  a  dilution  of  2000,    The  "difference"  in  the 
case  of  the  double  iodide  of  cadmiura  and  potassium  at  a  vol- 
uine  of  1  amounts  to  31  %   of  the  sum  of  the  conductivitisjof 
the  constituents.    In  the  case  of  the  double  iodide  of  cad- 
mium 8,nd  strontium  it  a.mounts  to  35  '^L   at  a  volume  2,  and  in 
the  case  of  the  double  cyanide  of  mercury  and  potassium  it 

amounts  to  27  ^  at  a  volume  1. 

(1) 
Jones  and  Knight  found  that  the  "difference"  in  the 

case  of  the  double  chloride  2NaC4.  Zn  C*2 ,  and  Sy  C42.  2Cd  C42 , 
amounted  to  35-45  fo   for  concentrated  solutions,and  that  the^e 
differences  persisted  even  at  a  higheypilution  than  9000  litre?, 
while  in  the  case  of  mixtures  of  chlorides  v;hich  are  not  ca- 
pable of  forming  double  salts  such  as  KC4  -»•  HH^  C^  and  KCfe  -*- 
2  NE^Cfe ,  it  araounted  only  to  11-14  fo^   3-nd  entirely  disappeared 
at  about  500  litres. 

No  ver;/  complete  information  is  obtainable  as  to  the 
behavior  of  mixtures  of  iodides.   The  magnitude  of  their  con- 
ductivity is  not  very  different  from  that  of  the  chlorides , 
however,  and  we  are  justified  by  the  vrell  knovm  siinilarity  of 
the  behavior  of  halogen  salts  in  general,  in  making  the  com- 
(1)   Jones  and  Knight ,  loc.cit. 
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parison  with  them.    Such  a  comparisor.  indicates  without  douht 
that  the  iodides  under  consideration  are  not  completely  dis- 
sociated in  solution.   They  also, like  the  chlorides  studied 
by  Jones  a,nd  Knight (1) and  Jones  and  Ota.( J?) retain  tlieir  coin- 
poiind  character  to  high  dilutions.  V/e  are  not  quite  as  ful- 
ly justified  in  maJcing  the  comparison  of  the  cya^nide  with  the 
chlorides,  but,  v/ere  v/e  to  do  so,  the  sarrie  conclusion  would 
be  reached  in  regs.rd  to  thein  as  in  the  case  of  the  chlorides 
and  iodides. 

A  comparison  v^/ith  the  differences  shov/n  by  mixtures  of 
bromides  v^daich  do  not  conibine  to  form  double  salts  strength- 
ens the  above  conclusion.   They  behave  entirely  like  the 
chlorides a.nd  there  is  no  reason  for  supposing  that  the  iodides 
conduct  themselves  differently.   Direct  experimental  proof 
would,  hov/ever,  be  desirable. 

In  their  pa-per  referred  to  above  Cronstchoff  and  Pack- 
hoff(l)give  some  nea^gre  infoi-mation  on  the  deportment  of  so- 
lutions of  mixed  halides.   They  find  that  the  conductivity 
of  the  solution  1/2  (ITaSr  -*r  KI)  actua^lly  obser^/ed  is  about 
1%   smaller  than  that  calculated  from  the  conductivities  of 
the  constituents.   The  difference  in  the  case  of  the  solu- 


(1)   Jones  and  Knight ,  loc.cit. 

(?.)      Jones   azid  Ota,    loc.cit. 

(1)      Cronstchoff  and  Packhof f ,    loo.clit. 
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tion  l/^(:TaI  -«-KBr)  Ir,   given  as  about  3-1/2  ^,  \i\ftille  that  in 
the  case  of  1/2  (KI  HE-  Nal)  is  about  1/2  :^.    This  is  the  only 
direct  experimenta,l  evidence  we  possess  or  the  conductivity 
of  mixtures  of  iodides  and  mal<:es  clear  the  fact  of  the  ex- 
istence of  these  double  iodides  in  concentrated  solution. 

DOUBLE  NITRATES. 


Double  ITitrate  of  Ammonixam  and  Pra.seodyraiun. 

It  was  deemed  desirable  to  investigate  the  condition  of 
double  nitrates  in  -solution.   Very  few  double  nitrates  ex- 
ist, hOY/ever,  v:)i6te   both  constituents  are  soluble  in  v/ater. 
I  was  fortuna,te  in  having  at  ir\y   disposal  a  fairly  good  quan- 
tity  of  praseodymium  nitrates  and  oxides  whioji  v/ere  in  a  high 
state  of  purity,  having  been  repeatedly  crjtstallized  in  the 
course  of  an  investigation  carried  on  some  time  ago  in  this 
laboratory (1) on  the  atomic  weights  of  prase odymivmi  and  re- 
odymium. 

In  the  case  of  praseodymium  the  substances  at  my  dis- 
posal were  praseodymium  nitrate  and  the  double  nitrate  of 
praseodi^raium  and  ammoniiom.    The  method  used  for  the  purifi- 
cation of  the  substances  employed,  as  well  as  their  degree 
of  purity  are  reconied  in  the  article  mentioned, 

(1)   Jones,  Ara.  Ch.  Jr.  20,  345. 
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Solutions  were  prepared  and  standardized  "by  the  detenni- 
nation  of  the  praseodjaniura,    Tliis  was  precipitated  with  am- 
moniuni  hydroxide  and  the  precipitate  was  ignited  to  oxide  in 
a  porcelain  "boat.    This  oxide  has  the  fomula.  Pr^CL/.   As 
there  ±3   some  dou''ot  as  to  v;iiether  the  oxide  has  a  definijre 
composition  the  precipitate  was  ignited  in  a  rapid  stream  of 
hydrogen,  purified  "by  passing  through  lead  plumbate  and  sul- 
phuric acid,  and  reduced  to  the  v/ell  known  compound  i^O^.,, 

Tlie  loss  in  weif-ht  or  ignition  in  hydrogen  and  the  equal 
gain  in  weight  on  subsequent  ignition  in  air  convinces  rae  that 
the  oxide  PryO^  ,  does  exist,  and  can  just  as  safely  "be  used 
in  the  analysis  of  prasedyniium  salts  as  the  lower  oxide^  Pr^O^. . 

Analysis  of  solution  of  double  nitrate  of  Prase odyraiu:n 
and  Anuaoni'oin:  - 

I.    2  c.c.  solution  gave     0.3944  gr.  Pr^  ^3. 
II.    2  c.c.  solution  gave     0.3968  gr.  Prjg  0^. 

The  concentration  of  the  solution  was,  tlierefore, 
IT  X  1.2072,  and  its  volume  0.8314.    It  contained  568.40  gr. 
of  the  anliydroMs  salt,  Pr (1^0 3)3...  ^m^/^W^. 

Conductivity  of  the  double  salt:- 


XVII. 


Aj'^.ioniu:;:     Prar.eodyniui-:  Nitrate  ?r(IJ6,':') 


Molec.v/t, 
3.2m-^TQ3.486.32 


0.8314 
1.6628 


Concent  ra.t  ion 


1.2027 
0.6013 


Gms.per  Litre, 


568.40 
284.20 


m, 


134.1 
248.0 
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3.3256 

0.3006 

142.10 

334.9 

8.314 

0.1203 

56.84 

404.7 

16.62S 

0.0613 

28.42 

451.1 

33.256 

0.03006 

14.21 

491.1 

83.14 

0.01203 

5.684 

531.3 

166.28 

0.006013 

2.842 

555.8 

332.56 

0.003006 

1.421 

550.3 

831.8 

0.001202 

0.5634 

613.2 

1662.8 

0.000601 

0.2842 

628.0 

3325.6 

0.000300 

0.1421 

642.8 

8314.0 

0.000120 

0.0568 

654.3 

The   conductivity  of  praseodymium  Amraoniura  nitrate   calcu- 
lated for  even  volun:er>:- 


XVIII. 

PrdTo    )_- 

2LTT4   No^. 

V 

/^v^X" 

/^^  ^i" 

^ 

yU^^^o 

1 

157.0 

20 

459.2 

400 

585.0 

2 

265.6 

40 

496.5 

800 

604.0 

4 

344.3 

80 

528.8 

1000 

608.8 

8 

400.2 

100 

536.3 

2000 

631.0 

10 

413.9 

200 

5  60.8 

4000 

644.3 

* 
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PRASEODYMUM  NITRATE. 


This  was  nade  from  tfce  oxide  by  treatment  v/ith  nitric 
acid  and  repeated  (ei/;ht  to  ten  tii'ies)  evaporation  to  crys- 
tallization to  remove  tb.e  excess  of  acid. 

The  solution  was  analyzed  in  the  seme   way  as  the  double 
salt. 

I,    10  cc  original  solution  gave  0.1586  c^«   ProOs. 
II.    10  cc  original. solution  gave  0.1586  gr.   PrgOs. 

The  volume  of  the  solution  was  therefore  P.6S05  and  its 
concentration  0.38015.    It  contained  124.15  grs.  of  the 
anhydrous  S8.lt  to  the  litre. 


Conductivity  of  praseodymium  nitrate:- 


XIX. 

Praseodymium 

Nitrate. 

Pr    (No^ 

)^.   Ai[olec.V/t 

.326.58 

V 

Concentration. 

Grris.    per 

Litre. 

^v,50 

2.6305 

0.38015 

124.15 

153.9 

5.2610 

0 . 19007 

62.07 

186.4 

10.5220 

0.09503 

31.03 

213.9 

21.0440 

0.04751 

15.51 

239,3 

52.610 

0.01900 

6.207 

270.9 

105.22 

0.00950 

3:103 

289,7 

210.44 

0.004751 

1.551 

308,2 

526.1 

0.001900 

0.6207 

336,4 

1052.2 

0.000950 

0.3103 

346,5 

■4:8. 


2104.4 

0,000475 

0.1551 

359.7 

5261.0 

0.000190 

0.06207 

374.0 

105??. 0 

0.000095 

0.63103 

396.0 

Conductivity  of  praseodyiniuir-  nitrate  calculated  Tor 
even  vo].uines:- 


XX. 

Prase odj/miuri  Nitrate. 

^f 

25° 

V 

-^^25° 

V 

A>25° 

2 

146.0 

40 

258.3 

800 

341.8 

4 

170.9 

80 

280.9 

1000 

345.9 

8 

200.8 

100 

288.6 

2000 

359.3 

10 

213.9 

200 

308.4 

4000 

370.6 

20 

236.8 

400 

325.2 

1 

a:imoitiuij[  nitrate. 


The  substance  used  had  been  repeatedly  crystallized , 
then  dried  to  conste^nt  weight.   The  solution  was  then  made 
up  by  v/eight. 
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Conductivity  of  Arimoniuir.  Nitrate, 


XXI. 

Arnmo  Ilium  Nitrate 

JH  No_ 

V 

25^^ 

.'^S.5.^ 

V 

-^^^25° 

2  ^^25° 

1 

93.87 

187.7 

50 

124.0 

248.0 

2 

101.0 

202.0 

100 

126.8 

253.6 

4 

107.0 

214.0 

200 

129.9 

259.8 

5 

108.2 

216.4 

400 

131.7 

262.4 

10 

114.5 

229.0 

500 

131.8 

263.6 

20 

119.6 

239.2 

1000 

137.2 

274.4 

40 

123.5 

247.0 

2000 

137.8 

275.6 

In  the  Goiupariscn  of  the  concluctivltiea  as  the  double 
salt  has  the  composition  ?r  (N02)2.  2  HH.NOo ,  we  take  the 
conductivity  of   the   aj;2nonium  nitrate   at   one-half   the   dilution. 


XXII. 

Comparison,          Ammonium  Prase 

odjrmium 

Nitrate. 

v 

2  ^^Zb^ 

I-1H.;i-Tog. 

vy 

Pr(No.)„ 

SiAir.. 

M-2b^ 
Douhle   Salt 

Diffrs 
ence. 

1 

187.7 

2 

146.0 

C  Q  O      '7 

265.6 

68,1 

2 

202.0 

4 

170.9 

372.9 

344.3 

28.6 

4 

214.0 

8 

200.8 

414.8 

400.2 

14.6 

5 

216.4 

10 

213.9 

430.3 

413,9 

16.4 

Id 

229.0 

20 

236.8 

465.8 

459.2 

6.6 

20 

239.2 

40 

258.3 

497.5 

496.5 

1.0 

40 

247.0 

80 

280.9 

527.9 

528.3 

-0.9 

50 

248.0 

100 

288.6 

536.6 

536.3 

+  0.3 

50, 


100 

253.6 

200   - 

308.4  • 

562.0 

560.8 

■*  1.2 

200 

259.8 

400 

325.2 

585.0 

585.0 

0.0 

400 

262.4 

800 

341.8 

604.2 

604.0 

-fr      0.2 

500 

263.6 

1000 

345.9 

609.5 

608.8 

*  0.7 

1000 

274.4 

2000 

359.3 

633.7 

631.0 

■^   1.3 

2000 

275.6 

4000 

370.6 

646.2 

644.3 

!tr  1.9 

DOUBIZS  NITRATE  OF  lIS0DY15IUIi'I  AIID  AJ'MONIUM. 


Tlie  neodymii-in  compounds  at  ray  disposal  were  the  oxide  , 
Ndg  Oq,  SAid   the  nitrate,  Nd  (Ndg)^.   As  the  amount  of  sub- 
stance available  was  not  large  enough,  on  account  of  the 
tremendous  solubility  of  neodymiGm  salts  ,  to  prepare  a  per- 
fectly, dry   double  nitrate  of  reodymium  and  animon-iuii:  by  crys- 
talli?;in5  from  a  solution  containing  the  constituents  and 
separating  from  the  mother  liquor,  I  made  solutions  of  the 
constituent  nitrates,  standardized  them,  and  mixed  in  equiva- 
lent proportions  to  maJce  the  salt  Nd  (iTo^)^.    2  IIH^  N63. 

As  will  be  shovm  later  such  a  mixture  of  salts  is  not 
necessarily  exactly  the  same  as  a  solutioi'i  of  the  double  salt 
itself  ,  but  its  manner  of  ioniza.irion  is  not  materially  differ- 
ent,  and  p,t  great  dilutions,  when  the  most  interesting  phe- 
nomena in  connection  with  this  investigation  are  found,  the 
state  of  equilibriiAm  is  the  sajne  in  the  tv;o  cases. 
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I  am  v/ell  a.ware  that  this  manner  of  prepa.ring  the  double 
salt  Ib  open  to  many  objections  to  it;.?  accuracy.   The  least 
excess  of  one  constituent  over  the  other  will,  of  course,  en- 
ter in  very   materially  towa.rd  altering  the  conductirity. 
And  since  the  equive^lency  of  the  quantities  of  the  two  solu- 
tions mixed  is  dependent  upon  the  accuracy  of  both  stand- 
ardization^ the  chance  for  error  is  comparatively  large,  I 
v/as  not  surprised,  therefore,  to  find  in  the  comparison  of 
the  dilute  solutions ,  as  will  be  seen  in  the  te^bles  given 
belov;,  that  the  "difference"  did  not  equal  zero. 

The  neodyniun:  nitrate  v/as  analysed  in  the  same  general 
way  as  the  praseodymium  nitrate.   On  the  addition  of  ar^.io- 
nium  hydroxide  a  light  pirJc  precipitate  of  the  liydroxide 
comes  dovm.   Sinc^eodyraium  does  not  form  any  higher  oxide 
than  Nd.202  on  ignition  in  air,  the  precipitate  was  not  ignited 
in  a  stream  of  h-ydrogen. 

Analysis  of  neodymium  nitrate :- 

I,  2  c.c.  of  solution  gave  0,2836  gr.  lTd2  O3. 

II,  2  c.c.  of  solution  gave  0.2826  gr.  Ndg  O3. 

The  solution  was  therefore  K/ 0,8445,  a.nd  its  volume  was 
1,1840,    It  contained  278,45  grms,  to  the  litre. 

The  airiinonium  nitra-te  solution  v/as  made  up  by  weight  and 
contained  one  gramme  -  molecule  to  the  litre. 
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To  prep'.re  the   solution  of  the   salt  Nd    (No    )2.      2M.^l^6r 
I  mixed   98,60   c.c.    of   the   neodyiiiivin  nitrate   solution  iidth 
166,66   c.c.    of  the   ammonium  nitrate   solution,   and  diluted 
to   five  hundred   c.c,   makinfi  a   solution  of  volume   6. 


Conductivity  of   the   double   nitra,te   of   neodymitim  e.nd 
ammoniiuri:  - 


XXIII. 

Ammonium  Neodjnnivui^.  Nitrate.      Nd  ( Ndq )  5^ , 

Molec.V/t.    489.96 

V 

Concentration. 

Crrms,    per  Litre, 

/''^25° 

6 

0,1666 

81.66 

520.2 

10 

0,1000           -i    . 

48.996 

570.9 

20 

0.0500 

24.498 

624.7 

40 

0,0250 

12.249 

674.0 

80 

0.0125 

6.129 

713.6 

100 

0,0100 

4.8996 

733.3 

200 

0.0050 

2.4498 

770.2 

400 

0.0025 

1.2249 

801.3 

800 

0.00125 

0.6129 

833.9 

1000 

0.00100 

0.4899 

850.2 

2000 

0.00050 

0.2449 

877.0 

4000 

0.00025 

0.1224 

884.8 

NEGDYJilUM  1TITR.1TE. 
The   standardi7,atio-.  of  tliis   solution  Ms  been     given  above 
Conduct i^T-ity   ox  neodymiiim  nitrate. 
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XXIY. 

i-feod^niiuj-.i  Witr.tte.   Nd. 

(.%'o,)^,.. 

Molec.  Trt.  329.72 

V 

ConcentratedM 

Grns.  pevfeitre 

A^  25** 

1.1840 

0.8445 

278.45 

191.4 

2.368 

0.4222 

139.22 

282.0 

4.736 

0.2111 

69.61 

344.9 

9.472 

0.1055 

34.80 

393.0 

23.68 

0.0422 

13.922 

442.0 

47.36 

0.0211 

6.961 

475.6 

94.72 

0.0105 

3.480 

507.0 

238.3 

0.0042 

1.3922 

539.6 

473.6 

0.0021 

0.6961 

566,9 

947.2 

0.0010 

.0.3480 

578.6 

2368.0 

0.0004 

0.1392 

599.9 

4736.0 

0.^002 

0.0696 

611.4 

The   conductivity  of  neod^Tnium  nitrate  reduced  to 
even  volvLnes- 


(nc::- 
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XXY. 


Jeod:>T:iiiu;i  ilitratti.  i\'d    i-^Q^,^' 


V 

/^r   25* 

V 

^r   25" 

V 

^.25' 

1 

18?. 2 

20 

429.4 

400 

558.8 

2 

253.5 

40 

466.0 

800 

575.1 

4 

325.4 

80 

497.3 

1000 

579.8 

8 

378.1 

100 

510.5 

2000 

594.5 

10 

,  394.8 

200 

531.2 

4000 

600.4 

The   conductivity  of  aranoniura  nitrate     lias  been  given 


aoove, 
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Comparison  Annoniun  neodyniun  nitrate. 


V 

^A^r    P,r 

V 

1 
Av  25' 

Sum 

|/^v  25' 

'Double  . 

Difference 

ICH  ^J^O^ 

J  Nd  (NOj)^. 

5 

216.4     10 

1 

394.8 

611.2 

570.9 

40.3 

10 

229.0      20 

429.4 

658.4 

624.7 

33.7 

2U 

239,2     40 

446.0    1 

705.2 

674.0 

31.7 

40 

1 
247.0    ;;  8o 

497.3 

744.3 

713.6 

30.7 

50 

248.0 

100 

510.5 

758.5 

■  733.3 

25.2 
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100 

253.6 

200 

259.8 

400 

262.4 

500 

263.6 

1000 

2?4.4 

000 

275.6 

^00    j  531.2 

li 

400    j  558.8 

800    ■  5?5.1 

I 

1000  .  j  .  5?9,8 

2000  I  594,5 

4000  600.4 


7843  i   770.2  14,6 

818.6  801.3  I   17.3 

837.5  \   833,9  3.8 

843.4  ^  850.2  -  6.8 

868.9  877.0  ^  -   6.1 

876.0  jl  884,8  ;|  -   8.8 
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It    seens  remarkable  tliat  ti_e  nitrates   oi"  t-wo   elements 
as   closely  related  to  eacli  other  as  praseodynium  and  neodymiuri, 
should  possess  as  different    electrical   conltictivities.        That   of 
Jieodynium  nitrate   is  nearly  30  %  larger  tlian  that    of  praseodyraiin 
nitrate.        Tl.ese    salts   are  both  exceeiingly   soluble   in  crater  and 
hygroscopic.        Attention   is   called  here,    am  vrill  be   a^-ain,    in 
a  later  portion   of  this  dissertation,    to  the   fact  that,    althou^ih 
the   determination   of  the  sioldnlar  lovrerinj   of  water  by  these   sub- 
stances does  not    increase  re^^ularly  with  increasing  dilution  but 
shows   a  reentrant   bend   in  the   curve,      nevertheless  the  molecu- 
lar  conductivity  increases  re--ularly.        The  results   show  that 
ammoniun  praseodyniiim.  nitrate  dissociates   into   its   constituent 
nolecules   conpletely  at    about    one-twentieth  nor."al     concentra- 
tion and  thereafter   contracts   itself   as  wo\ild  a  mixture   of  the 
constituent   salts.        The  point   of  complete  decomposition   in  the 
case   of  auimoniura  neodyniun  nitrate   is   at    =>:  volujiie   of   about   500, 

Making  use  again   of  tjie  data  of     Cronstciiaff  cmd  Peck- 
hoff  for  the   conductivity   of  ni:ctui'e   of   electralytes,   which  do 
not   form  double   salts,   we   find   it  recorded  ti'oat   t:ie  difference 
between     abroad   conductivity  of  t.ie  mixture   and  that   cal(?nlatea 


/// 


^ra.c.l.f.^f     c^^     'Pc^U.^>f,     /r- 


5? 


fro:!i  tlie   constit-aezits  anounts,    in  the   case   of  tJie  solution  1/2 
(K  Nd)-j    *  1/2  Sr    (i^dj')^^^  -J,    to   less  t.'.ian  one  per   ceiit.        Tlie 
difference  fo-uncl   ia  tl.e   res-alts  recorUe-l  liere   for  ai-jmoniun  praseo- 
dynium  nitrate   is   20  fo  for   a  volune   1,    and   for   auuaoniun  ncody- 
miuH  nitrate   10  %   of  tlie   suii  of  the   conductivities   of  the   con- 
stituents, 

Tliere   is  then  no   doubt    of  tjie    existence   of  these 
nitrates   at   least  paxtially  anleconposed,    in   concentrated 
solution.      They  soon  dissociate   into  their   constituents,    how- 
ever,   an-a  conduct   themselves  like  mixtures   of  the   sinple    salts. 


^t)   €rdnst<>}iafx  avtu  P«*^Jkfe«f  f ,    loo .   cit. 
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D0u3LZ;  SULPTJAILS 
Double  Sulp^i-'-te   of  Arnonium  and.  llagnesium. 

The   ioTible   zc.lt  irv.r-  prepared  as  usu-il   0/  crjsta.llizin^ 
out   fro'.i  a   solution  containing  the   constituent    salts   in   equiva- 
lent proportions.        The   crystals  iTere   driel   on  absorbent  paper 
and  analyse!. 

In  t'^e   analysis   of  bot2i  the   crystals   and  t2ie   solution 
of  tlie  double    salt,    the  nagnesiuni  was  deternined  by  precipitation 
vritli  sodiun  pliospliate. 

Analysis   0:?   crystallised  double    salt, 

1,1676  gr.  gave  0,3615  gr.   Mg^T^-O^..    . 

found  6.771  %  &g. 

Tlieoretical  79  }JL^,    on  basis   of  M-.SO^  ^{H^ii^j^O     ,(3   H^C) 

6.75Z 

Analysis  of  solution  of  double  salt  :- 
I.    5  cc  solution  gave  0.3458gr.  M,  ^T^P~  ,  , 
II.    5  cc  solution  gave  0.3465gr.  U^^T  O^    . 

The  strength  of  the  solution  was  therefore  N  x  0,6215, 
and  its  volume  1,6090.  It  contained  224.21  gr,  of  the  crystal- 
lized   salt  Lig.    Su^'^  ((^J.H^^^  50^^.(3  H;j,0. 
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Conductivity  or  tlie  Double  Sulp.iate   of  Aononiini 


and  Masnesiuin. 


XXYii.  AjnTnOniura.  Llagnesniuj-i  Sulplaate 


Molec,  Trt, 


360.76 


C  on  c  ent  r  at  ion!  ^^  ''^ ,  t^ '' 


/I 


25 


1.609 
3.218 
6.436 
16.09 
32.18 
64.35 
160.9 
321.80 
643.60 
1609.0 
3218.0 
6436.0 


0.6215 

0.310? 

0.1553 

0.06215 

0.0310? 

0.01553 

0.006215 

0.00310? 

0.001553 

0.000621 

0.000310 

0.000155 


224. 21 
112.10 
56.05 
22.42 
11.21 
5.605 
2.242 
1.121 
0.5505 
0.2242 
0.1121 
0.0560 


145.0 
187.? 
225.4 
265.5 
298.5 
333.4 
380.0 
409.4 
443.9 
466.6 
494.3 
509.? 


Tlie   conductivit/  of  t'^e  double   sulpnates   of  arinoni^n 
an  J.  nagnesiun  calculate.",   for   even  volxuies. 
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XXVIII. 


Mg  SO/.  (NH  1^)2^0 


V 

/^/250 

•/ 

'"^     ''  25° 

1 

/"^aac 

1 

128.9 

20 

273.5 

400 

417,8 

2 

155.4 

40 

306.9 

800 

447.5 

4 

196.9 

80 

340.9 

2000 

473.3 

8 

231.9 

200 

387.1 

The  conductivity  of  magnesium  sulphate  has  been  deter- 

(1) 

mined  by  a  number  of  experimenters;  by  Kohlrausch     and 

(2)  (3) 

Kranhals     at  18*^,  and  Walden     at  25^^.    I  have  employed 

values  which  are  made  up  from  all  three  tables  and  are,  I 

think,  quite  accurate.    The  three  values  did  not  differ 

very  materially  from  one  another. 


XXIX.         Magnesium  Sulphate  Mg  SO4   Molec.wt.   120.42 


V 

"  '         250 

^ 

25° 

2 

62.6 

80 

139.3 

4 

76.7 

200 

165.9 

8 

89.1 

400 

184.3 

20 

110.0 

800 

199.  5 

40 

123.4 

2000 

217.5 

m 


Arnmoniiun  Sulphate . 

The  material  employed  was  carefully  purified  by  numer- 
ous crystallizations. 

Analysis  of  solution. 

I.  10  c.c.   solution   gave   0.2668  gr.  Ba  SO4 

10  ' 

II.  10   c.c.    solution  gave      0,2668  gr .    Ba  SO4 

10 

The  strength  of  the  solution  was,  therefore,  N  X  1.1426 
and  its  volume  0.8751. 

Conductivity  of  airuioniiun  sulphate. 


XXX, 


Aiiraonium  Sulphate.     (NH4)2S04        Molec.wt.      132.22 


/ 


Concentration 


Grms.  per  Litre 


25° 


0.8751 

1.75 

3.50 

8.751 

17.50 

35. 

87.51 

175. 

350. 

875.1 

1750. 


1.1426 

0.5713 

0.2856 

0.11426 

0.05713 

0.02856 

0.011425 

0.005713 

0.002856 

0.001142 

0.000571 


151.07 
75.53 
37.76 
15.107 
7.553 
3.776 
1.5107 
0.7553 
0.3776 
0.1510 
0.0755 


124.7 
143.6 
161.2 
182.2 
198.5 
215.0 
235.3 
248.3 
260.9 
269.5 
275.1 
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Conductivity  of  ammonium  sulphate  calculated  for  even  volumes. 
XXXI.  Ammonium  Sulphate. 


v 

/^V25" 

/\2^ 

V 

^^■250 

1 

127.4 

20 

199.9 

400 

261.7 

2 

146.1 

40 

216.9 

800 

268.3 

4 

163.2 

80 

232.4 

2000 

276.6 

8 

179.2 

200 

250.1 

Comparison  of  conductivity  of  ammonium  magnesium  sul- 
phate v/ith  the  sum  of  the  conductivities  of  its  constituents. 


XXXII.        Comparison  Ammonium  Magn 

esium  Sulphate. 

V 

''     '25° 
Mg  SO4 

/^V25° 
(WH4^2S04 

Sum 

/^•^25° 

Double  Salt 

Difference 

2 

62.6 

146.1 

208.7 

155.4 

53.3 

4 

76.7 

163.2 

239.9 

196.9 

43.0 

8 

89.1 

179.2 

268.3 

231.9 

36.4 

20 

110.0 

199.9 

309.9 

273.5 

36.4 

40 

123.4 

216.9 

340.3 

306.9 

33.4 

80 

139.3 

232.4 

371.7 

340.9 

30.8 

200 

165.9 

250.1 

416.0 

387.1 

28.9 

400 

184.3 

261.7 

456.0 

417.8 

28.2 

800 

199.5 

268.3 

467.8 

447,5 

20.3 

2000 

217.5 

276.6 

494.1 

473.3 

20.8 

Double  Sulphate  of  Ammonium  and  Copper. 
The  double  salt  was  prepared  in  the  usual  way,  and 
crystallizes  easily  from  the  solution  with  six  molecules  of 
water  of  crystallization.    The  crystallized  salt  was  dried 
on  absorbent  paper  and  analysed. 

Analysis  of  Cuse^  (NH^jgSO^  6H2O. 
The  copper  was  precipitated  with  alkali  and  weighed  as 
oxide.    The  sulphuric  acid  was  determined  as  barium  sulphate, 
1.5630  gr.  crystallized  salt  gave  0.3097  gr.  Cv    0 

Pound  19. 81^  Cu. 

Theoretical  19. 90^  Cu. 

0.1565   gr.    gave   0,1818  gr.    BaS04 

Pound      47. 78^  SO4 

Theoretical  48.04>  SO4 

Analysis  of  solution  of  double  sulphate  of  copper  and 
ammonium; -- 

I.  10  c.c.   solution   gave   0.2575  gr.  BaS04 

10 

II.  10   c.c.      solution        gave      0.2579   gr.    BaS04 

id 

The  solution  was  therefore  N  X  0.5516,  and  its  volume 
1.8128. 

226.60  c.c.  of  this  solution  were  then  diluted  to  250 
c.c.  to  bring  it  to  volume  2,  and  the  dilutions  were  made 
from  this  as  a  mother-solxition. 


94 


Conductivity  of  the  double  sulphate  of  copper  and  arnmonium. 


XXXIII.   Ammonium  Copper  Sulphate.  (NK4 )2S040uS04  Molec.wt. 

cryst. 400.0 


Grms .  per  litre 

'■ 

Concentration 

Cryst.  salt. 

2  5° 

2 

0.50 

200.00 

161.6 

4 

0.25 

100.00 

196.6 

8 

0.125 

50.00 

226.0 

20 

0.050 

20.00 

267.3 

40 

0.025 

10.00 

296.8 

80 

0.0125 

5.00 

331.0 

200 

0.0050 

2.00 

377.3 

400 

0.0025 

1.00 

406.9 

800 

0.00125 

0.50 

434.1 

2000 

0.00050 

0.20 

470.0 

Copper  Sulphatj. 

(1)       '^' 

Kohlrausch     has  determined  the  conductivity  of  copper 

sulphate  at  18°.    I  have  employed  his  results  changing  them 

to  their  value  at  25°  by  the  use  of  the  factor  2.25,  and  have 

interpolated  wherever  necessary. 


XXXIV.        Copper 

Sulphate^ CuSO^.  Molec.wt.  159.66 

V 

/■'-v  25° 

' 

M  250 

V 

250 

1 
2 
4 
8 

43.4 
55.8 
65.6 
74.5 

20 

40 

80 

200 

98.1 
109.8 
128.4 
156.2 

400 
800 
2000 

1742 
1923 
219.8 

(1)  Kohlrausch.  Wied.  Ann.  26.  161.  1885. 


The  conductivity  of  ammonium  sulphate  has  been  given 

above. 

Comparison  of  the  conductivity  of  ammonium  copper  sul- 
phate with  the  sum  of  the  conductivities  of  its  single  con- 
stituents. 


XXXV. 


Comparison  Ammonium  Copper  Sulphate. 


//v250 

"      2  50 

-'     250 

V 

(NH4)2S04 

CaS04 

Sum 

Double   salt. 

Difference 

1 

127.4 

43.4 

170.8 

2 

146.1 

55.8 

201.9 

161.6 

40.3 

4 

163.2 

66.6 

229.8 

194.6 

35.2 

8 

179.2 

74.6 

253.7 

220.0 

33.7 

20 

199.9 

98.1 

298.0 

266.8 

32.2 

40 

216.9 

109.8 

326.7 

296.8 

29.9 

80 

232.4 

128.4 

360. P 

330.8 

30.0 

200 

250.1 

156.2 

406.3 

377.3 

29.0 

400 

261.7 

174.2 

435.9 

406.9 

29.0 

800 

266.3 

192.3 

460.6 

434.1 

26.5 

2000 

276.6 

219.8 

496.4 

470.0 

26.4 

Ferrous  Ammonium  Sulphate. 
The  substance  used  was  the  so-called  "chemically  pure" 
ammonio-ferrous  sulphate  of  Theodor  Schuchart.    It  was  found 
that  the  solution  decomposed  so  quickly  at  25©  that  the  con- 
ductivity of  only  four  dilutions  was  measured. 


The  solution  was  made  up  by  weighing  out  the  substance 
so  as  to  have  a  concentration  N  X  0.5.  It  was  also  stand- 
ardized by  precipitatiori  with  barium  chloride. 

I.   10  c.c.  solution   gave   0.2331  gr.  BaSO^ 
10 
II.    10  c.c.  solution   gave   0.2331  gr.  BaS04 
10 

The  solution,  therefore,  has  a  volume  2.0003. 
Conductivity  of  ammonio-ferrous  sulphate. 


XXXVI.   Ammonio-Perrous  Sulphate.  (NH4)2S04  FeS046H20. 

Molec.wt.cryst.   392.40 


Grms . cryst .salt 

Concentration 

per  Litre. 

250 

2 

0.5 

196.20 

156.6 

20 

0.05 

19.62 

261.9 

200 

0.005 

1.962 

361.8 

2000 

0.0005 

0.1962 

466.5 

The  solution  oxidized  in  the  course  of  the  measurements 
so  that  they  are  not  given  as  accurate. 


Ferrous  Sulphate. 

The  ferrous  sulphate  used  was  made  by  dissolving  an  ex- 
cess of  iron  (piano  wire)  in  sulphuric  acid.    The  concen- 
tration v/as  carried  on  also  with  excess  of  metal  present. 

The  substance  was  analysed  by  precipitation  of  the  sul- 
phuric acid. 
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I.    10  c.c.  of  solution  gave   0.1089  gr.  BaS04 
10 
II.    10  c.c.  of  solution  gave   0.1087  gr.  BaS04 
10  ' 

The  solution  was,  therefore,  N  X  0.4664  and  its  volume 

2.1440.    It  contained  70.92  grms.  of  the  anhydrous  salt  to 

the  litre. 

Conductivity  of  ferrous  sulphate. 


XXXVII. 


Ferrous  Sulphate.   PeS04.   Molec.  wt.  152.06 


■V 

Concentration 

Grms. per  litre. 

250 

2.144 

0.4664 

70.92 

59.8 

21.44 

0.0466 

7.092 

104.5 

214.4 

0.0046 

0.7092 

171.0 

2144 

0.0004 

0.07092 

233.0 

The  same  calculated  for  even  volumes. 


XXXVIII 


Ferrous  Sulphate, 


^' 

250 

250 

2 
20 

59.4 
104 

200 
2000 

170.6 
232.0 

S3 

The  conductivity  of  ammonium  sulphate  has  been  given 

above. 

Comparison  of  the  conductivity  of  aramonio-f errous  sul- 
phate with  the  sum  of  the  conductivities  of  its  constituents, 


XXXIX. 


Comparison  Ammonio-Perrous  Sulphate. 


.'«  25° 

"  250 

260 

%'■ 

(NH4)2S04 

FeS04 

Sum 

Double  Salt. 

Difference. 

2 

146.1 

59.4 

205.5 

156.6 

48.9 

20 

199.9 

104.0 

303.9 

261.9 

42.9 

200 

250.1 

170.6 

420.7 

361.8 

58.9 

2000 

276.6 

232.0 

508.6 

466.5 

42.1 
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DOUBLE   SULPIiA.TE   OT  AlMONIUIi  AITD   CAJLIIUII. 
Tho   salt    '/ras  pi^^ared  as  usual   by  crvstnllizing   from  a   solu- 
tion  of  its    constituent^. 

Tlie   crystallized   salt    (N  H^jg   iJO^.Cd  SO^.eilgO     was   dried  on 
a;  sorbent   paper  and  analyzed.        The  cadriiun  vra.s  precipitated  as 
carbonate  aiid  weigned  as    oxide   in  a  gooch  crucible..       Tlae   sul- 
pliuric   acid  -ivas   deteri'iined  in  t^-ie  u-svial   vjaj. 

Analysis   of  crystallized  salt. 

I.  1.3243.  gr.    gave  0.3742  gr.    CdO 
and   1.3785  gr.   Ba  SO^ . 

II.  1.2640  gr.   ga^'-e  0. 35326.  gr.    CxlO  and 
1.3140  gr  Ba   SO^ . 

I  II 

Cadmiiam  found 24.71   %  ;24.40  %, 

Theoretical    Cadnium  in      (NH^)2  ^0^-  Cd  SO/^.6  H2,0.    .    .    ^f.fj% 
50t^  fc^-^ , . .  - ^z.'^o  %■    //.^r/^ii, 

iina lysis    of  Solution. 
i.        "2   00  gave  0.9229  gr.   Ba   SO^ 
II.      2   cc  gave  0.9240  gr.      Ba   bO      . 

The   solution  Tms   therefore  N  X  0.933?and   its   volu^^e 
1.0113.         I   then  diluted   101.13   cc   to   200   to  bring   to  a   volume   2, 
and  used  this    as  a  nother-solution   i.n  subsequent   dilutions. 


?(X 


Co2iducti\'-it7  Ox  the   double   sulr^'^ate   of  airunoniiun  and  c:tdini-um. 


X  L         Arnmonittm  Catoiun  Sulpl-.ate,    Cd  SO^    (N  H^jp.,  iJ04     Ilolec.    W'f. 

^_ oryst.    448.40 


IC  one  ent  ra  t  i  on 


Grras.    per  Litre 


/^v;e5-°| 


20 
40 

80 

200 

4CC 

800 

20001 


0.50 
0.25 

0.125 

0.050 

0.025 

0.0125 

C.CC50 

0.0025 

0.00125 

0.00050 


224.20 
112.10 

56.05 

22.42 
11    .21 

5.605 
2.242 
1 .  121 
0.5S05 
0.2242 


151.6 
1185.0 

216.0 

254    .4 

235.5 

S20.6 

366.2 

^398.4 

432.2 

474.0 


71 


Cadni-un  Sulp>ate. 
Analysis   of  sohation  o:?  Cadni\:im  sulphate. 
!•  4  c.c.    solution  gave  0.6323  ;jr.    Cd  0. 

II.  4  c.    c.    soltition  gave  0.6838  f:r.    CdO. 

The   solution  was   therefore  N  X  1.3343  and  its   volume  0.?496, 
It   coirtair-ed     277,61  gr.   Cadr.iiuTn  sulphate  to   the   litre. 
Conductivity   of  Cacbnium  Sulplj^.te. 


XLI        Cadmium  Sulphate  Cd  SO^     Mblec.    Wfr.    208.06 


V 


Concentration  j Grms  .  per  litre 


0.75 

1  .50 

3.00 

7.50 

15.00 

30.00 

75.00 

150.00 

300.00 

750.00 

1500.00 

3000.00 


1 . 3343 

0.6671 

0 . 3335 

0.1334 

0.0667 

0.0333 

0.013G. 

0.0 06C 

0.0033 

0.0013 

0.0006. 

0.0003 


277.61 

138.30 

Gd .  40 

27.76. 

13.33 

6.94 

2.77 

1.39 

0.69 

0.27 

0.14 

0.07 


32.5 

45.5 

57.1 

71.8 

84.4 

99.8 

115.2. 

130.0 

165.2 

190.5 

209.2 

225.7 


?2 
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The   sane   calculated   Tor  intertnelip.te  rolunes. 


Cd  S64 


V 

1        y^.ry      1 

1         ■•' 

^f<V.,o 

V,      ■                                               * 

y^.l-  V  X.-"   !. 

1 

36.8 

20 

89.6 

1 

400 

170.8   1 

2 

49.4 

4C 

103.1 

800 

191.7 

4 

60.4 

80 

122.5 

20u0 

214.7     , 

8 

72.6        1 

200 

150.7 

' 

The  oondxiotivity  of  arifnoniun  sulphate  has  been  gi-7-en. 
above. 

C-ornpari'3on  of   t2ie  conductivity  of   t.1ie  double   sulXL-iate 
of  ammonium  and  cadmium  with  the  sum  of   the  condtictivities    of  its 
constituents. 


XL  III        Compa.ri3on.       Ammoniu,m  Cadmium  Sulpl--3.te. 


/'/V/Zv^SO^ 

CelSO^ 

S-'om 

Double  aalt 

■    Difference. 

V 

/l^v  f.s-" 

/^J.ys" 

•^'Vi." 

2 

146.1 

49.4 

195.5 

151.6 

43.9 

II 

4 

163.2 

60.4 

223.6 

185.0 

f 

38 . 6 

8 

179.2 

72.6 

251.8 

216.0 

35.8 

20 

199.2 

89.6 

289.5 

254.4 

35.1 

40 

216.9 

L03.1 

320.0 

235.5 

]       34.5 

80 

232.4 

122.5 

354.9 

320.6 

1      34.3 

200 

250.1 

150.7 

400.8 

366.2 

34.6 

400 

261.7 

170.8 

432.5 

398.4 

!|       34.1 

8GC 

263.3 

191.7 

460.0 

432.2 

'      27.8 

2000 

276.6 

214.7 

491.3 

474 . 0 

27.0 
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DOUBI^   i3ULPHA.TE   OF  i\I£IONITJM  AlTD  NICKEL. 
Tlie  salt    employed  was  nanufactured  by  Dr.   Tlieodor  Scimcliarit . 
Analysis    of   crystallized  ITi   SG^  -  (N  II^J    ^   SO^.BHg   0. 

I.  0.5642  gave   0.6665   gr  Ba   SO^ 

II.  0.4J823  gave  0.5695   gr.   Ba   iJO^. 

I         ^  II      . 

Found       48.58  "C       43.57  7-    SO4 

Theoretical   %  SO^    in  k:   SO^^.K^  S0^-6Hg  0 43.63 


Analysis   of  sol\\tion. 

I  10  cc   solution  gave   0.6222  gr.   Ba  SQ^ 

II  10   00   solution  gave   0.6244  gr.  Ba   SO4 . 

Tlie   concentration!  of   ti^e  solution  ^ra,s   tl^erefore  0.1337, 
and   its   volume   7.4795..  467,47   cc  were   diluted  to   500   cc   to 

bring   to  a  volume   8  and  tl'Lis   Tra.s    employed  as   tJie  mother        solutior 
for  subsequent    iilutior.s. 

Conductivity  of  the   do^j.ble  sulphate   of  nickel  and 
ammonium    :  - 


XL  IV 


iitotmftini-am  Hickel    Sulphf,te  Nl   SO4  .  (N  H^}    2   SO4. 
tlolec.    Wt .    cryst.        395.10       __      _     "' 1 


•/ 

C  one  ent  ra  t  i  on 

Gr.  ner  Litre  1 

8 

0.125 

49.39 

224 . 1 

20 

0.050 

19.755       i 

263.4 

40 

0.025 

9.377 

29.3.8 

80 

0.0125 

4.938 

322.3. 

200 

0.0050 

1.9755 

370.1 

4,00 

0.0025 

0.9877 

40^-.  6 

aoo 

0.00125 

0.4933 

439.4 

2000 

0.00050 

0.19755 

484.6 

?4' 


NICKEL  SULPIIA-TE. 

Anp.lysis    of  solution    :- 

I.  10   cc   solution  (jave   0.5341   gr.   Ba  S6"  . 

II.  10   cc   solution  (jave  0.5359  [■•r.   Ba   SO4. 

Tlie   solution  2iad  tlierefore  a   concentration  of  KX.0.2295 
and  a  volixine   4.3570. 

272.31  c  c  v;-ere  diluted  to  "500  cc  to  brin^'  to  a  "rolune  of  8 
and  tliis  was  used  as  tlxe  raotiaer-solution  in  subsequent  dilution. 
Conductivity  of  ITickel   Sulphate. 


XIjV 


ITIC.GL  SULPIiiTE   .,  ^t:S   0..  Llolec.    Vr.    154.76 


V 

Concenti^ation 

Gmr;.   per  litre 

/^v  Zi" 

8 

0.125 

19.34 

77.9 

20 

0.050 

7.738 

96,1 

40 

0.025 

3.369 

109.0 

80 

0.0125 

1.934 

122.8 

200 

0.0050 

0.7733 

152.0 

400 

0.0025 

0.3369 

173.1 

800 

0.00125 

0.1934 

194.8 

2000 

0.00050 

0.07738 

232.3 

Th.e   conductivity   of  aramoniion  sulpl-^ate  .Ijas   been  yiven 
above. 

Comparison  of    the  coiiductivity  of   the   double  sulploate   of 
nickel   and  aTnmonitum  v/ith  the   3\irn  of   t]ie  conduc"civities   of  its 
constituents. 


(SSO. 


?5. 


X[jVI 


COlIP/iTaSON. 


ITICiffiL  jUE  IONIUM  iSULPIL/^^TE. 


ft^  H^  )^  5  0^ 

N.SO^ 

j)o..A/eS«(f. 

n' 

A<v  ....-■> 

^«-v>.v'' 

Sum 

y^l^Ai" 

Difi'erence 

8 

1?9.2 

77.9 

257.1 

224.1 

33.0 

20 

199.9 

96.1 

296.0 

263.4 

32.6 

40 

216.9 

109.0 

325.9 

293.8 

32.1 

80 

232.4 

122.8 

355.2 

322.5 

32.9 

200 

250.1 

152.0 

402.1 

370.1 

32.0 

400 

261.7 

173.1 

434.8 

404.6 

30.2 

800 

263.3 

•194.8 

463.1 

439.4 

23.7 

2000 

276.6: 

232.3 

508.9 

484.6 

24.3 

DOUBI^   SULPHA.TE    OF  POTA-tlSIUM  AITD  NICKEL. 
The  salt  -was  i-Tade  in  the  usual   "ray  bj  crystallization 
fron  a   solution  containi^ig   its   constituents  in     equi-^/alent.  propor- 
tions . 

Analysis   of   crystal  liaed  Xg   SO^  Hi    ^0^.    6  Ilg   0. 


1.3474  t^r.    salt  gave    1.4352  -^r.   Ba   SO^. 


43.32  %        SO^. 


SO^. 


Founds 
Tjieoretical  . 

Analysis    of   solution  of  double  salt,- 
I        5  cc    solTition  gave   0.4005  gr.   Ba   SO^. 
II.   5   cc    solution  gave  0.4002  gr.   Ba  SO4. 

The   solution  T/as   therefore  N  X  0.1713,   and   its    volu-ne 
5.336.        364.75   cc   ?rere   then  diluted  to   500   cc   to  bring  to  volune 
8  and  this  I'/as   employed  as   the  Jiot'ier— solution  in  subsequent  dilu- 
tion. 


7B 


XLYi: 


Conductivity  of  T^otassitun  Nickel   S-ulpl:iate,- 


JVftSO^,   Kg,     SO 


Potassi-um  Nickel   SulpMte, 
4-       n. 


^olec.  Wr:  cryst.  435.24 


Concentration  '  Grms  per  litre 
Cryst.  Salt. 


2-6' 


8 

0.125 

54.40 

219.5 

20 

0.050 

21,762 

261.5 

40 

0.025 

10.381 

291.6 

80 

0.0125 

5.440 

323.7 

200 

0.0050 

2.1732 

369.4 

400 

0.0025 

L.0881 

400.2 

800 

0.00125 

0 . 5440 

438.0 

2000 

0.00050 

0.    21762 

494.  a 

Tlie  conductivity  of  Nickel  sulphate  has  been  given  above. 
The  conductivity  of  potassium  sulp>]ate  lias  been  determined 
by  a  nunber  of  observers.    I  take  the  values  or  Mackay(.l) 
obtained  for  25^. 


(1)   Mackay.   J.  H.  U.  Diss.  189a  ;  Aji.  Ch.  Jr.  19,  83. 
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XLVIii        Pota  33  iOTi  Sulphate  J    K^50^,       I.Iolec.    W^.    174.36 


V 

Cori-centration. 

Gr.    per  Litre. 

/^v^.r-' 

8 

0.125 

21.795 

182.4 

20 

0.050 

8.718 

205.1 

40 

0.025 

4 .  359 

220.3 

80 

0.0125 

2.1795 

237.9 

200 

0.0050 

0.8718 

252.4 

400 

0.0025 

0.4353. 

2G2.2 

800 

0.00125 

0.21795 

273.0 

2000 

0.00050 

0.08718 

276.5 

Ccanparison  oT  co".ducti-/'it3'"  o:C    louble   sulpliate   of 
■nickel   and  potassi-ura  witL.  t}ie  ^xira  of   tlie  conductivi+t/;  of   its 
constituents. 


XLIX  Conparison.      PotassiuTn  Nickel    Sulp"~^te. 


K;,SO^ 

(\lc  50u 

Bum 

/Uvi^S" 

Differe: 

ice 

V 

A^^^s" 

A'^-'Zi" 

Double  salt 

8 

182..4 

77.9 

260.3 

219.5 

io.a 

20 

205,1 

96.1 

301.2 

261.5 

39.7 

40 

220.3 

109.0 

323.3 

291.6 

87.7 

80 

237.9 

122.3 

330.7 

323.7 

37.0 

200 

252.4 

152.0 

404.4 

369.4 

35.0 

400 

262.2 

173.1 

435.3 

400.2 

35.1 

800 

273.0 

194.8 

467.8 

433.0 

29.0 

20C0 

276.5 

232.3 

503.3 

494.3 

14.5 

?8 

The  results    \i±th  do-able   3ulp2iato3   sh-ow  they  all  remain 

■ancLissociated  to  about   the   sa^'ie  extent.        In  a  half  normal    solu- 
tion t?ic" difference"   amounts    in  the  case  of  am/noniurn  rnagnesixmi 
sulphate   to   25%   ;    in  am-noniujn  copper   3nlphate  to   22  %   ;    in  a^-'nrn.o- 
nium   ferrous   sulphate   to   23  79   ;    in  aj^noniuri  cadmium  sulpi.iate  to 
22  %  of  the   sui^i  of  the   individual    conductivitjies  of  the  co-.stitu- 
ents.        In  the  cases    of  nickel   arijaonium  and  nickel   potassitin 
sulphates   the  difference  at  a  volume  8  about    equals   that    of  t'lc 
other  sxilphates   at   the  same  dilution   ;  more  concentrated  solutions 
were  not  measured  since   these  salts   are  not  sufficiently  solvible. 

Xlei2i^   J    showed  tlmt  a  mixture   of  sodium  and  potassium 
sulphates  lias  a  conductivity  v/hich  is  about    1  %  less   t]ian  tliat 
calculated  from  its    constituents.        The   difference  here  is  much 
larger.        Jones  and  A-Iackay^    J    found  a  greater  difference   in  the 
alums    studied  b;;-   tliem frcn  2   1/2  to    11   per  cent. 

This   would  seem  to   indicate  that    the  double   siilphates 
which  are  not  alums    exist   to  a  greater  degree  tindissociated  in 
aciueous   solution  than  the  alums.        Tlie   difference  ^fjo.s   found  to 
disappear  at  a   dilution   of  about   400   litres   in  the  case  of  the 
the  alums   while   in  the  case   of   the  sulphates  -under   investigation 
it   did  not   disappear  at   tiie   dilution  of  2000. 

(1)  Klein,    loc.    cit. 

(2)  Jones   &  flackay,    loc.    cit. 
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ACID   iiALTS.. 
POTASSIUM  BISULPHITE. 


The   data   for  this   co-iparison   were   found,  in  ithe  work   of 
Barth  ^    '    ,        He  lias   deter-.iined  the  conductivity  of  potassium 
sulphite,|    of  sulpZaurous   acid,    and   of  pot?.3siuja  .i.cid   stilphite. 

The   conductivities    of  Ko   ^Oq  ^.nu   of  H^   i30    a 


are 

^iven  below. 

L. 

<2>  «»w. 

1 

129.8 

2 

146.2 

4. 

182.2 

8 

178.2 

16. 

193.6 

32 

203.6 

1?7.5 

386.1 

64 

224.0 

214.9 

438.9 

128 

236.2 

248.5 

484.7 

256 

246,0 

279.0 

575.0 

512 

254.6 

303.  a 

557.9 

1024 

261.8 

324.7 

536.5 

2048 

269.8 

(1)         Zeitsch.    f.   ph.    6hem.    9,    176,    1892. 


8  0 


Conductivity  o.l  Potaosiun  acid  aulpliite, 


LI 


K  H  S   Oo 


V 

yUs,i_y'> 

.?/^<v.r'^ 

32 

101.9 

203.8 

64 

106.5 

213.0 

1E8 

UC? 

221.4 

256 

114. .7 

229.4 

512 

118.6 

237.2 

1024 

121.8 

243.6 

IS.  making   tl^e   conparison  of  conductivities  iiere-  tlmt 
of  tiae  potsosiun  acid  sulpliite  must  be  taken  at    one  Iialf  tlie   dilu- 
tion and  doubled. 


LII        Comparison.  Potaj'^siuin  Acid  Sulphite. 


V 

/<^503  +  A/,  so,. 

iih!  SO, 

^/•//erc.-^c-e 

32 

338.1 

203.8 

182.3 

64 

438.9 

213.0 

225.9 

128 

484.7 

221.4 

233.3 

256 

5  25.0 

229.4 

295.6 

512 

557.9 

237.2 

320.7 

1024 

506.5 

243.6 

342.9              1 

Fotassiijm  Bisulp]"i.ate. 

Tlie   data    for   this   coinparison   of  conductivities  liave 
been  recorded.        Tlie   conduct i\^ity  of  potai?siurn   sulphate  iias   been 


&1 


deterniined  at    25®  by   Jalden   ^    i     .        That   of  3ulp3iuric      acid  by 
Douglas    in  this    laboratory/,    and  tiiat   of  potassitin  acid  sulphjate 
by  Bartii.^^^ 

Tlie  conductivity  of  potas.iixom  sulp2a3,te  and  sulpliuric  acid 
are  given  belovr. 


LIII. 


Potansiu^n  Sulpiiate  and  Sulplraric  Acid. 


V 

Sum 

64 

232.2 

511.0 

743.2 

128 

246.0 

681.3 

827.3 

256 

256.8 

612.0 

868.8. 

512 

235.4 

673.5 

938.9 

1024 

272.8 

713.9 

936.7 

2048 

278.6 

715.9 

994.5 

(1)  ¥alden,      Zeitsclir   f.   pli.    Claen.    2,    49,    1338. 

(2)  B."iIlTH.         loc.    cit. 
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Tlie   conductivity  Ox   the  potassium  bisulpliate   is  given  belo-.T. 


LIV 


POTA^^IUl.I  ACID   iJULPILlTE,    K  H  S   0, 


V 

/^S'ZS- 

1 

3S 

318.5 

63?.  0 

64 

361.06 

723.2 

123 

401.8, 

803.6 

256 

440 . 8 

881.6 

512 

476.0 

9  52.0 

10  24 

498.0 

996.0 

The   comparison  is  m^xde  in  the  sane  na.nner  as   in  the  c'\se  of 
potasaium  bisulphite. 


LV. 


CoTiparison.        Acid  Potassium  S\ilphate. 


/<v..- 

Z/f^^.." 

V 

^^■50^-^  n^SO^ 

KHSOu 

Dl  f  fer  enc  e . 

64 

743.2 

723.2 

20.0 

123 

827.3 

803.6 

23.7 

256 

868.8 

381.6 

-12.8 

J5512 

938.9 

952.0 

-13.1 

1024 

986.. 7 

996.0 

-    9.3 

2048 

994.5 

1* 

93  ■  ■ 
The  results  with  these  acirt^  are  difficult  to  interpret. 
It  would  seem  that  the  existence  of  the  acid  sulphite  is 
proved  but  the  acid  sulphate  is  much  more  easily  broken  down 
by  the  process  of  solution. 

Direct  Comparison  of  Double  Salt  and  Mixture. 

Through  the  work  referred  to  in  this  paper  the  conclu- 
sion has  been  reached  that  double  salts  in  concentrated  so- 
lution dissociate  to  a  greater  or  less  extent  as  if  they  were 
salts  of  complex  acids,  and  then,  as  the  dilution  increases, 
the  complex  ion  dissociates  into  simpler  ions. 

The  question  now  arises,  is  the  st?te  of  equilibrium  the 
same  in  a  solution  of  a  double  salt  as  it  is  in  a  mixture  of 
solution  of  the  constituents  having  the  same  concentration  as 
the  double  salt?   It  seemed  desirable  to  test  this  question 
as  thoroughly  and  carefully  as  possible. 

At  my  request,  therefore,  Mr.  C.  P.  Lindsay  undertook 
the  task  to  determine  whether  there  is  any  difference  betv/een 
the  conductivity  of  a  double  salt  and  the  conductivity  of  a 
mixture  of  the  constituents  having  the  same  concentration. 
This  work  is  given  here,  together  with  a  repetition  of  a 
portion  of   it  by  myself. 

The  method  of  work  was  the  same  as  that  described  above. 
The  solution  of  the  double  salt  was  carefully  standardized 
and  the  conductivity  determined.    Then  a  solution  of  each 
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of  the  constituent   salts  was  prepared  and  accurately  stand- 
ardized.   Prom  these  analyses  the  volumes  of  the  two  solu- 
tions which  would  contain  the  salts  in  the  same  proportion 
in  which  they  exist  in  the  double  salt,  were  calculated. 
These  volumes  of  the  two  solutions  were  mixed  in  a  measuring 
flask,  and  the  whole  diluted  to  a  known  volume.    This  mix- 
ture was  then  standardized  gravimetrically  to  see  that  no 
error  had  been  made  in  bringing  the  constituents  together  and 
in  the  dilution.   This  standardized  solution,  which  in  every 
case  was  found  to  contain  the  constituents  to  almost  exactly 
the  extent  calculated,  was  used  as  the  mother  solution  in 
subsequent  dilutions. 

The  same  cell  was  used  to  measure  the  conductivity  of 
the  double  salt  as  was  employed  with  the  mixture  and  they 
were  generally  measured  as  nearly  as  possible  at  the  same 
time  in  order  that  the  temperature  of  the  thermostat  (which 
was  regulated  within  0.1°  by  an  Ostwald  regulator)  might  be 
the  same.    The  same  apparatus  was  used  throughout  in  the 
manipulation  of  the  double  salt  and  the  mixture. 


LVI .    Double  Chloride  of  Potassium  and  Cadmium. 
KC1.0dCl2 


Double  Salt 

Mixture 

V 

KCl.CdClQ 

KCl    f   CdCl2 

Difference 

2 

117.8 

119.4 

1.6 

4 

146.3 

148.1 

1.8 

8 

172.4 

174.9 

2.5 

20 

208.4 

209.3 

0.9 

85 
The  conductivity  of  the  double  chloride  is,  then,  less 
than  the  conductivity  of  the  mixture  of  the  two  chlorides. 
The  difference  in  this  case  and  in  all  other  cases  tried,  is 
always  small,  but  is  larger  than  all  known  experimental  er- 
rors, and  is  always  in  the  same  direction,  i.e.  the  mixture 
has  the  higher  conductivity. 


LVII.    Double  Sulphate  of  Potassium  and  Nickel.  K2S04N«S04 


Double   Salt 

Mixture 

V 

K2S04N«S04 

K2S04NiS04 

Difference 

6 

213.68 

216.31 

2,63 

12 

244.38 

246.61 

2.23 

24 

273.31 

276.02 

2.71 

60 

314.13 

314.35 

0.22 

LVIII.   Double  Sulphate  of  Ammonium  and  Magnesium  MgS04 (1^4)2304 


V 

Double   Salt 
MgS04(NH4)2S04 

Mixture 
MgS04   -K    (NH4)2S04 

Difference 

2 

159.7 

164.6 

4.9 

4 

197.7 

202.4 

4.7 

8 

231.5 

237.1 

5.5 

20 

273.9 

277.9 

4.0 
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Repeated,  making  and  standardizing  solutions  anew. 


LIX.   Ammonium  Magnesium  Sulphate.    (NH4)2S04  MgS04 


V 

Double  Salt 
MgS04(NH4)2S04 

Mixture 
MgS04  +    (NH4)2S04 

Difference 

5.09 
10.18 
25.46 

212.70 

243.89 
284.80 

216.78 
248.28 
289.10 

4.08 
4.39 
4.30 

Repeated,  making  and  standardizing  solutions  anew. 


3.09 


189.9 


193.2 


3.3 


Repeated,   making  and   standardizing  solutions   anew. 


^.064  J 


216.03 


219.96 


3.93 


LX.        Ammonium  Cadmium  Sulphate           (>TH4)2S04   CdS04 

V 

Double    Salt 
CdS04(NH4)2S04 

Mixture 
CdS04  ^  (1^4)2304 

Difference 

3.036 
3.001 

171.94 
171.7 

173.25 
172.4 

1.31 

0.7 

Prom  these  results  the  conclusion  is  reached  that  the 
conductivity  of  a  double  salt  in  concentrated  solutions  is 
slightly  less  than  the  conductivity  of  a  mixture  of  the  con- 
stituents having  the  same  concentration  as  the  double  salt. 


'67 
It  appears  that  the  double  salt  when  once  formed  does  not 
dissociate  in  exactly  the  same  way  or  to  the  same  extent  as 
the  mixture  of  the  constituents  which  have  never  united  to 
form  the  double  salt. 

This  conclusion  is  so  different  from  what  we  should  ex- 
pect that  it  was  decided  to  test  it  in  another  way.    The  con- 
ductivity of  a  solution  of  the  mixed  salts  was  determined  and 
a  measured  volume  of  the  mixture  then  placed  in  a  platinum 
dish  and  evaporated  to  dryness.    Under  these  conditions 
there  would  be  formed,  at  least  in  part,  the  double  salt. 
This  residue  was  then  dissolved  in  some  of  the  same  pure 
water  in  which  the  mixture  of  the  two  salts  was  originally 
dissolved,  and  diluted  to  exactly  the  same  volume. 

If  the  double  salt  has  a  smaller  conductivity  than  the 
mixture  of  the  constituents  at  the  same  dilution,  the  second 
solution,  containing  the  residue  from  the  evaporation,  should 
have  a  smaller  conductivity  then  the  original  solution  of  the 
mixture  at  the  same  concentration. 

The  experiment  was  tried  with  the  double  sulphate  of 
potassium  and  nickel.   A  solution  containing  the  two  sul- 
phates in  equimolecular  quantities  was  evaporated  nearly  to 
dryness  and  the  residue  dissolved  and  diluted  to  exactly  the 
same  volume. 
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LXI.  NiS04  K2SO4 


24 

/v^ 

24 

n 

24 

n 

12 

n 

12 

» 

12 

n 

of  mixture  before  evaporation     276.02 

"     "    after  "          274.59 

"   double  salt  273.31 

"  mixture  before  evaporation     246.61 

"     "    after  "         245.14 

"  double  salt  244.38 


In  both  these  experiments  the  mixture  before  evaporation 
had  a  larger  conductivity  than  after  evaporation.    This 
agrees  exactly  with  what  was  found  above,  since  in  the  pro- 
cess of  evaporation  some  of  the  double  salt  was  formed.   The 
mixture  after  evaporation  had  a  larger  conductivity  than  the 
solution  of  the  double  salt  of  the  same  concentration.   This 
is  also  what  is  to  be  expected  since,  in  the  rapid  evapora- 
tion, only  a  portion  of  the  double  salt  was  formed. 
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CRYOIJCOPIC     rORK. 


LXII 


MEilCURY  POTi^lboIUM   Cx/-JTIDE .    K^  Ilg    CCN)^ 


v 

Gr.   per  Lilire 

C  one  en  t  rat  i  on. . 

L 

Lowering; 

A 

Mol.   Depres- 
sion. 

2,4:4:2 

156.?4 

0.4095 

1.902O 

4.64 

4.884. 

78,37 

0.204? 

O.d7lo 

4.. 74 

12.210 

2?.  35 

0.0819 

0.405° 

, -    .  _ 

4.94 

LXII  I 


MERCUillC-  CY/\1TIDE   Kg    (C  Njg 


V 

Gr   ner  Litre 

Coricentration 

Lowering: 

^    Mol. 
Depre3'5ion 

5 

50.476 

0.2 

0.337° 

1.93 

lAIV 

Potass i-ura  Cyanide,   K  C  N. 

Gr.   per  Litre. 

Concentration 

Lowering 

Mol.    Dep. 

V 

j_ 

■^ 

1.1034 

59.08 

0.9063 

3.385^ 

3.73 

1.4343 

45    .45 

0.6972 

^2.6230 

63.76 

2. 8G86 

22.72 

0.3486 

1.321° 

3.79 

7.4129 

8.79 

0.1349 

G.    531° 

3.93 

9Q) 


LXT 


Comparison,        Pota^^si-um  Mercxirjr  Cyanide. 


V 

Z  A 

V 

SxTm_ 

Dmille  Salt     Difference 

2.5 

?.57 

5 

1 .  93 

9  .  50 

4.?3               4.?? 

L-WI 


CADMIUTI  POTASSIUM   IODIDE,    Kg   Cd   I^ 


\/ 

Gr.   per  Litre 

C  one  ent  ra  t  i  on 

Lowering 

L 

Molec. 

D£^. 

2.302 

303.08 

0.4344 

3.8780 

8.927 

2.762 

252.56 

0.362 

3.177° 

8.776 

5.524 

126.28 

0.181 

1.557° 

8.602 

9.20? 

75.7? 

0.1036 

0.960° 

8.84 

13.310 

50.51 

0.0724 

0.664° 

9.17 

T]iis    salt    olno'.TS  a  ni::in-un  point    in  tj.e   onrve   of  rnoleculs 
depre3  3ion<.bet7/een  tlie  volumes    2.7  and   5.5   or  between  tlie  volumes 
5.5  and  9.2.        Tj-e   conparison  -^vas   therefore  not   attonpted  and  tlie 
molecular  depressions  of   tne   constituents  were  not  ascertained. 
Tliis   plienonenon  .iias  been  noticed  before.        Jones  and  Ilackaj''  ^    ' 
(1)        Jones  and -^ckay,    loc.    cit. 
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and  Jones    ;md  Ota    ^    ^    attempted  to  apply  t]:.e   crjoscopic  "letliod 
in  tlie  sane  T»ray  a 3    it    is   Iiere  applied  hxit  wit-'iout  /--reat  suocoss. 
A  special    study  of   tliosc   substances  which  Md  been  found  to  ,'-jive 
this  minim.um  in  concentrated  solvit  ion  vvas  nade  by  Jones   and 
Cahmbers    ^^'      and   later  extended  by  Cliambers   and  Pra;-.erL.^^ 
They  accounted  for  tlie  phenomenon  by  supposing  the   formation 
in  concentrated  solution  of  h7/drated  conpounds.        Tlxe  stijst-inces 
under-   .consideration  at  presejit    then,    together  with  others  mention 
ed  below,   must  novf  be  added  to  those  heretofore  hnown  to  possess 
this   property. 


LXVII  AIMONIUIi  C.\D1;IIIB1  SULPKA-Ti:.    .(NI-^Jp  SO^  -  Cd  SD^  . 


L 

A 

V 

Gr.    per  Litre. 

Concentrati^A- 

Lowerinp- 

Mol .   Dep. 

1.634? 

20  2.03 

0.6117. 

3.052° 

4.99 

2.0433 

161.64 

0.4394 

2.493° 

5.09 

2.? 24 J 

121.11 

0.G670 

1.914° 

p. 21 

4.0866 

80.82 

0 . 2447 

1  ..3.45' 

5.49 
5.88 

8.1732 

40.41 

0.1223 

0.71SP 

16.3464 

20.20 

0.0612 

.  0.378° 

6.17 

(1)    Jone.->  and  Ota,  loc  £it. 

(2j    Jones  and  Chambers,  Am.  Ch.  Jr.  23,  39,  (1900). 

(3)    Chambers  and  Fra^Xer,  A'a.  Ch.  Jr.  23,  Jun.e  1900. 
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LXVIII 

C  adEiiiim 

SulpJiate,    Cd  S   u 

V 

Gr.    per  iiitre 

Goncurxtration 

U 

Mol.   Dep. 

0.7502 

277.30 

1.3328 

2.525" 

1.87 

1.0004 

207.97 

0.9996 

1.774'' 

1.77 

1.5004 

138.64 

0.6664 

1.175" 

1.73 

1.876 

110.89 

0.533 

0.933° 

1.75 

2.50 

83.22 

0.400 

0.714° 

1.78 

3.752 

55.13 

0.2665 

0.505  ° 

1.89 

7.504 

27.56 

0.1333 

0.263° 

• 

1.93 

This   salt    sjiOTrs  tJie  reentrant  benl   in  the  ciirve   of 
molec"ular  lepressions,    the  niniErus  point   coning  at   about   a 
volime   or  1.5. 
^i^ 

Arrjaonitini  Sulpliate^    (K  H;^)     5-0^*   -     . 


LLIX 


V 

Gr.    per  j^itre 

cen 

Contr  ition 

Lovrer  ing 

L 

ttol.   Dep. 

5 

26.432 

0.2 

0.829" 

4.14 

10 

13.216 

0.1 

0.437^ 

4,37 

(1) 


ys 


14.28 
20. 
33.33 
66.66 


9.2512 
6.608 
3.9648 
1.9824 


U.07 
0.05 
0.03 
0.015 


0.316* 
0.23?° 
0.148° 
0.075" 


4.51 
4.74 
4.93 
5.00 


LSK            Comparison.  ATTimoni-ujTi  Cadmitim  Sulpliate.                                      1 

V 

Cd  S   0^ 

Si;m 

£3. 

Double  Salt 

Dif. 

5 

1.90 

4.14 

6.04                5.57 

0.47 

LXXI 


Copper  Au'-iioiii-a:^  SiilpliVc  h  .    CuS0^:    (]Sf  H^  j^SO^ 


V 

Gr.    per  jjitre 

Concentration 

LoTTering 

Mol.    Dep. 

3.069 
6.133 

130.32 
65.16 

0^258 
0.1629 

1.736^ 
0,990" 

5.32 
6,07 

(1)        Mackay.    J.   Ji.  U.   Diss.    1896 


^ 


LXXII 


Pra  seodi'^ii-um  NitrR,te  Pr    (NO    ) 
- — ■'  o    3 


V 

Gr.   per  Litre 

Concentration 

Lowering 

L 

Mol .   Dep. 

A 

2.6305 

5.2610 

10.5220 

21.0440 

124.15 
62.07 
31.03 
15.51 

0.38015 
0.13007 
0.09503 
0.04752 

2.184  ' 
1.054° 
0.543" 
0 .  284  " 

5.74 
5.53 
-5.71 
5.97 

95 


This   salt   does   not   ;jiv9  a  regular  rise   i7-L  the  raolecular 
depresrjion  with  increasing   dilution,   but   decreases,   reaching  a  min 
irnum  betv;een  the  vo  lunes    2  and   10.        It   therefore  falls    into  the 
sane  category  ivith  those   salts   described  by  Jones  and  Chambers      . 
The  sanie  calculated  for  even  •volumes. 


LXyLIII 


Pra*seodyraium  Nitrate. 


V- 

Concentration 

Molec.   Lowering 
A 

2- 

0.5 

5.79 

4 

0.25 

5.63 

8 

0.125 

5.63 

20 

0.050 

5.95 

LXXIV 


AMiONIUM  NITKVTE,    N  H^      NO3 


1     ^ 

V 

C  on  c  en  t  r  a  t  i  on 

Gr.    -per  Litre 

Lowering 

Mol.' 

2  MOleo.   Dep. 

L 

Dev. 

Z    A 

1 

1.0 

30.12 

3.1360 

3.13 

6.27 

2 

0.5 

40.06 

1.629° 

3.26 

6.52 

A 

0.25 

20.03 

0.363° 

3.45 

0.90 

10 

0.10 

8.012 

0.363°      3.63 

7.26 

(1)        Jones   and  Cha^nbers,  An.   Oh.   Jr.    23,    39, 


hX^ 
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P2:^geod7raiijn  A^Tioni-un  Nitrate.   Pr   (NO^j^    ZSli^   NO, 


V 

Concentration 

Gr.   per  Litre 

Loweririg 

L 

Molec.   Dep. 

c.8314 
1.6628 
3.3250 
8.314 
16.628 

1.2027 

0.6013 

0.3006 

0.12027 

0.06013 

563.40 

284.20 

142.10 

56.84 

28.42 

16. 50 
7.5° 
3.637° 
1.779° 
0.887° 

13.71 
12.47 
12.09 
14.79 
14.79 

lEliis    double    salt  exhibits    the  plienomenon  o"   the  nininxin 

in   the  ;nolecular  d'epression.       As   this    is   not   observed  in  the 

care   of  ari' nonivun  nitrate  we  inust  ascribe   it    1 0  the   influence   of 

the  praseodymiun  nitrate. 

The   same   calculateu.   for  even,  volunes. 

LXJnri.  Praseodymium  A'Tioniuin  Nitrate. 


Concentration     ilolec.   DeT). 


2 
4 
8 

20 


0.5 
0.25 
0.125 
0.050 


12.40 
12.45 
14.63 


L>aCVI  I 


Comparison.      Praseody^aium    Arnnoniun       NitzTite. 


V 

V 

s.->. 

D,f  f  ererjce; 

1 

2 

4 

10 

6.27 
6.52 
6.90 
7.26 

2 
4 
8 

20 

5.79 
5.63 
5.63 
5.95 

12.06 
12.15 
12.53 
13.21 

12.40 
12.45 
14.63 

-0.36 
-0.30 
-2.10 

97 


LXI'^YI  ri .  Neod7^u\3jn  A^inoniun  Nitrate  .   Nd    (^'JOq  )  .^    ^.NH^^  C^^s) 


'.0        r 


"/ 

Concentration 

Gr.  per  Litre 

... 

Lowering 

1) 

Molec.  Dep. 

1 

6 

0.1666 

81.66 

3.00?o 

18.10 

10 

0.1 

48.99 

1.836° 

18.36 

20 

0.05 

24.49 

0.927° 

18.54 

T 
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LZXIX 


Neodjmiun  Nitrate  M  (n  0,)^ 


V 

Concentration 

Gr.    petLitre 

Lovrering 

Molec.   Dep. 

1.1840 

0.3446 

278.45 

10.05  " 

11.39 

2.3630 

0.4223 

139.22 

4.969" 

11.76 

4.736 

0.2111 

69.61 

2.456° 

11.63 

9.472 

0.1055 

34.80 

1.254" 

11.88 

23.63 

0.04223 

13.92 

0.522° 

12.36 

i 

Tlie  nininuri  noticed   in  tlie   case   of  pcaseolyiaiun  nitrate 
occurrel  here   also,    between  t:;^e  volunes   2  and   9, 

The   3a:ie  calculated  for   even  volujies. 


IlkXJl 


Neodyniua  Nitrate. 


-V 

Concentration 

Molec. 

Dep. 

r  ~     ~ ~ 

2 

0.5 

11.80 

4 

0.25 

11.6? 

6 

U.166 

11.70 

lu 

O.IUO 

11.90 

Sw 

0.05 

12.24 

I 

I 
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LjJJii 

Comparison. 

NeodjTttiur-i  Amnoni-uii 

Nitrate. 

V 

r  A 

V 

A 

Nd    (NO   3)3 

Sun 

Double  Salt 

Dif . 

1 

6.2? 

2 

11.30 

2 

6.52 

4 

11.67 

3 

6.71 

6 

11.70 

18.41 

18.10 

0.31 

5 

6.96 

10 

11.90 

13.86 

18.36 

0.50 

10 

7.26 

20 

12.24 

19.50 

18.54 

0.96 

9 


lOQ 


The   cryoscopic   work  here  given  is   not  as   extensile  as    it  had 
been  hoped  to  m\e    it,.       The    indications    Trora  it,    too,    are  not 
as   satisfactory  as   those   of    the  ?7ork   on  t}ie   conducti-"-ity   of  the 
solutions.        The  comparisons   cannot  be  made  with  profil  when  the 
molecular  depression  cur-^rr     shotvs  a  ninimun  point.        The    v/ork  v/as 
therefore  not   pashed.  and  tue   results    obtained  are  sinply  given; 
without   farther  coranient-. 

CONCLUiSIQH. 

we  may  sum  up  the  results    of  this    investigation  in  a   few 
words.        We  are    led  from  the  results   of  the  study  of  t]ie   electric4 
conductivity   of  t.b-e   solutions    iiivestigated  to  tlie  belief  that   the 
double   iodides    of   Cadmium  and  strontium  and  of  pota.isiura  and  cad- 
mium  exist    in  .concentrated  solution  to  a   considerable   e:ctent.  un- 
decomposed  iiito  their  constituents.        Tliey  do  not  break  dO'-Tn  very 
readily;  but   retain  their  compound  cliaracter  to  moderately  high 
dilution;..      The  same   thing   is    found  to  be  true  of  the   double 
nitrates    of  ammonium  with  px'aseody^iium  and  neodymium,   and   of  the 
dOTible   cyanide   of  mercury  and  potassium.        Hie  nitrates,   however", 
break  doivn  at   cofnparatively  low  dilution.        The   double  svilphates 
of  ammonium  with  ca'inium,    copper,   migne5iu;n,    iron,   nickel   as    'vel  1 
as    ti-iSit   of  potassium  and  nickel   appeP.r  not    only   to  retain  their 
undissociated  sta.te   in  concontr ited  but   even  in  ailutc   3olutions 


i 
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thej  are  not    conpletely  di^3LS0ciated   into   their  constituents. 

A  study  of  the   conductivities    of  certain  'nixtures   r,nd 
double  salts    showed  tliat   the  state   of  equiltbri\:un  is   not  necessar- 
ily aUvays   the  s?/ne  at   the  sane  concentration.        l/7hile   the  double 
salt  maj'"  not  be  completely  dissociated  at  r>.ny  given  dilution,, 
the   co:'istituents    do   not    combine   to    form  the  same   amount    of  double 
salt   when  broufjht   together  at   tha.t   dilution, 

Cadniun  3ulph;=(,te,    cadniun  potassium,    iodide,  praseody- 
mium nitrate,    amraoniiam  praseodymium  nitrate,   neodymiiun  nitrate 
are  aided  to   the   list    of   tliose   substances   whose  molecular  depres- 
sion   of  the   freezing  point   of  water  does  not   increase  with  the 
dilution. 

I.  iTiad  wished  to  u.n.dertake  some  electrolytic  work  wit}i 
certain  double  salts  to  deternine  if  possible  the  nature  of  the 
complex   ion.        Such  an  investigation  is   reserved  for   the  future. 


i 


102 


BIOGBAPHICAL. 

The  writer  oT.    Uiis    dissertation  was   bom  in  New  Orleans, 
Louisiana,  April    2,    1375.        He  receive!  Ids    collegi:=^te  training 
in  Tulane  University   of  Louisiana,   New  Orleans,   La.,   graduating 
in   1893  as  Bachelor   oi  Arts.        He  held  a  gradua.te   fellov/ship  in 
Tulane  University  for  t'YO  years    Ixiring  which  tine  he  pursued  the 
study  of   Chemistry.        In  13-95  jie  rocoi-^ed  tjie   degree   of  Bachelor 
of  Engineering  and  in.  1896  th?,t   of  Cli©mioal  Enflnetr.-         In  ifey, 
1895  he  was  appointed   Instructor   in  Chemistry   in  the  College  of 
Arts   and  Sciences,   and  the  College  of   Technology,    Tulane  Uni-^er- 
sity,    and   in  1398  v;as   pro^fioted  to  an  Assistant  ProfesL^  orship.        He 
entered  Johns  Hopkins  University  iia  April,    1399,   where  he  has   sines 
been  F^rsuir^g  a  gradu;',te   course   in  Chemistry,.      :^hys i oa  1 ,  Chemi st ty , 
and  Physics.        In  June    1900   he  was   appointed  a  Fellow  in  Chemistry^ 


j*iii' 


.^^vv^iv^v 


V^^v^vwv 


mmMm', 


W'-;:^^»a:l»^^'^</>'S\v'!^. 


jwi  .vv^^VWi 


:V5^^:iv^yv^^w»:'^"^0^^ 


&^^^^ 


,-t.v,,(;-j^v' 


'%WvW^VwW>^Wv/^ 


j^*;«HM&^:;. 


^K^r^^^J^^ys^^^^^^^^^ 


:wwwvvvvvVvv. 


bt5;j^««t5«^^^Nww;^;3w\ow<>-vv. 


SC^^v-'-^i/WW^u^.-^ 


KiJ. 


^ix^imj 


■■m^. 


^/:-^;::»^-:»»»'»:»^'"s«woy-'';:v,,*v. 


y/^vvA 


:'^  yy.:  v'-^^.^'^vvj^,. 


VVgiin^VJJ,; 


WiOirfi  yri^^^vjv 


^^^y^«v/,■ 


^'w'^telrV^v 


^^W'^V^W 


^^-4w.  ■  ,  "-^im^ 


^^^^^Ov.;^^:;..^ 


'.Wv/wV*' 


^'^^'^ir-v'^'Wyw, 


^V^y^^'wvvviviv^w33;^g!v^ 


xi,    .       <UW^.^W.V. 


